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NON-WOVEN FABRIC FOR SEPARATOR OF NON-AQUEOUS ELECTROLYTE CELL, AND 
NON-AQUEOUS ELECTROLYTE CELL USING THE SAME 



(57) A t}ert^woven fabrjgl^pr a non-aqueous dectro - 
lyte cell capable of providing a non>aqueous electrolyt e 
cell, which has high adhesion with an electrode, doefi 
not cause breakage of a separator and deviation and 
gap between the electrode and the separator, has high 
cell processability such as windability on the electrode, 
does not cause internal short-circuit due to mutual con- 
tact of the electrodes resulting from shrinkage and com- 
bustion of the non-woven fabric even when the 
electrodes are heated due to external short-circuit, can 
prevent conteslion of the cell, is free from pin holes, 
and has excellent electrolyte retaining property and 
electrolyte permeation property, and can provide a non- 
aqueous electrolyte cell having excellent current capac- 
ity, cell characteristics and cell preservation characteris- 
tics. The present invention provides also a non-aqueous 
electrolyte cell using the non-woven fabric. More con- 
cretefy. the non-woven fabric for a non-aqueous electro- 
lyte cell separator according to the present invention 
has a film thickness non-unrformity index Rpy of not 
greater than 1 .000 mV or a center surface mean rough- 
ness SRa of not greater than 6 in the full wave 



region measured by using a probe type three-dimen- 
sional surface roughness meter. 
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Description 

(Technical Field] 

The present invention relates to arfioriwoven fabr^jffofs^argtorsj bf non-aqueous electrolyte batteries and a non- 
aqueous electrolyte battery using the same In which adhesion of separators to electrodes is superior; battery process- 
ability such as reliability wHh electrodes Is excellent: no internal short-circuit is caused due to contact between elec- 
trodes brought about by shrinking or burning of the nonwoven fabric even when the electrodes generate heat by 
external short-circuit; thus, ignition of batteries can be prevented; and storage characteristics are excellent. 

[Background Art] 

Hitherto, as separators for non-aqueous electrolyte batteries, for example, JP-A-6-325747 discloses microporous 
films comprising a high molecular weight polyethylene having an intrinsic viscosity [tiJ of 5 dl/g or higher. As separators 
for lithium cells, JP-A-3- 105851 discloses microporous films comprising a composition composed of an ultra-high- 
molecular-weight polyethylene having a weight-average molecular weight of 7 x 10^ or higher and a polyethylene hav- 
ing a weight-average molecular weight/number-average molecular weight of 10-300. 

These separators have a shut-down function for preventing ignition of batteries. The shut-down function is a func- 
tion to prevent ignition due to melting of Li when electrodes cause external short-circuit and a great cun-ent passes 
therethrough to generate heat and the battery tenperature reaches 180°C. Specifically, separators melt before ignition 
of U and result in clogging of open pore portions, whereby the battery reaction Is stopped and generation of heat is 
inhibited.For example, the shut-down occurs at about 120'C when a porous body of polyethylene is used as a separator 
and at about 140*C when a porous body of polypropylene is used as a separator, and. as a result, generation of heat 
of battery stops to Inhibit inaease of temperature. However, in case much heat is generated which cannot be overcome 
by the shut-down function, melting of separator proceeds to cause complete melting of separators or aacking of sepa- 
rators, and as a result electrodes contact with each other, and thus a short-circuit cun'ent again flows, resulting in heat 
generation state, which leads to ignition. 

Furthermore, these separators are relatively more unHbnn than the conventional nonwoven fabrics, but require 
complicated production steps and need high cost, and furthermore can hardly provide stable performance. 

Recently, separators comprising nonwoven fabrics in place of microporous films are being developed from the 
points of easiness in production and stability of quality For example, nonwoven fabrics for separators of batteries com- 
prising specific fibers are disclosed in JP-A-5-74442 and JP-A-5-335005. However, when these nonwoven fabrics are 
used as separators, variation in thickness is greater than microporous films and adherence to electrodes constituting 
the batteries extremely deaeases. Therefore, there is a problem tfiat electrodes of sufficient volume cannot be incor- 
porated into batteries in construction of batteries, and thus a satisfactory current capacity cannot be obtained when fab- 
ricated as a battery. Furthermore, in many cases, there occurs a slippage or a gap between electrode and separator in 
fabrication of batteries and processabilrty is deteriorated. 

The object of the present invention is to provide a nonwoven fabric for separators of non-aqueous electrolyte bat- 
teries and a non-aqueous electrolyte battery using the same in which adhesion of separators to electrodes is superior; 
there occurs no slippage or gap between electrode and separator; processability such as rollability with electi-odes is 
excellent; no internal short-circuit occurs due to contact between electrodes or shrinking or burning of the nonwoven 
fabric &/en when the electrodes generate heat due to external short-circuit; ignition of batteries can be prevented; and 
a high current capacity and excellent battery characteristics and storage characteristics can be obtained. 

[Disclosure of Invention] 

The present first invention relates to a nonwoven fabri c for separators of non-aoueous electrolyt e batteries which 
is produced by a wet paper making process, characterized in that the nonwoven fabric has a thickness non-uniformity 
index (Rpy) of 1000 mV or less in machine direction, the Rpy being determined in the following manner. 

Thickness non-uniformity index (Rpy): A sample is allowed to run between two spherical tracers. Variation of thick- 
ness of the sample in machine direction is measured using a film thickness measuring equipment which measures the 
variation of sample thickness as an elertric signal through an electric micrometer by scanning the sample at a constant 
rate of 1.5 m/min in machine direction after zero point adjustment under tiie condition of ±15 fim/±3 V in sensitivity 
range of the electric micrometer. The resulting signal value is subjected to fast Fourier ti-ansform by a FFT analyzer 
using hanning window as a time window, and a power spectrum (unit: mV^) is obtained by additive averaging of addition 
of 128 times. The power values In the frequency band of 2-25 Hz are totalled and the total Is multiplied by 2/3. The 
resulting value is raised to one-second power to obtain the tinickness non-uniformity index (Rpy) (unit: mV). 

The present second invention relates to a nonwoven fabric for separators of non-aqueous electrolyte batteries 
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which is produced by a wet paper making process, characterized in that the nonwoven fabric has a center surface aver- 
age roughness SRa of 6 mid or less in whole wavelength region measured using a tracer method three^limensional sur- 
race roughness meter. 

5 [Best Mode for Carrying Out the Invention) 

nr«:^ffJ!!IlS^ Constituting the npllilSii^i^'^ricyr separator of non-aqueous elPctrniytPt«n.rv, according to the 
present invention, t here are used rhatenais such^norganic fber^Twhisl^ers. organic f toereT^^ 

T^'g "Wganfc fibere are preferably gt.least one l^ind of inorganic fibem «pi^ed from micro^ilass fib.,r« «i..m.n« 
'<> ^fibers, aiumina-silica fibers and rod< wools. ' ' ""'"""L . 

nJZTn '^^^^ ^'"^ for separator of non-aqueous electrolyte battery characterized by containing a whisker com- 
pnangan^gaagig compound he composm^ 

« n^n^^ggSe^r rr f.t!?r '^^l^I^S^- ^ the inorganic f »>ers in the 

{m ternre of Na^O) and sihca glass containing 99% by weight or more of silicon dioxide (in twms of SIO^) 
ers H -^!r^Z^? ? ^^V^ "on^ueous electrolyte batteries characterized by contain^ organic fib- 
ers, rt IS preferred ttiat at least a part of the organic fibers are f ibrillated to 1 ^m or less in fiber diameter ^ ^ 
a> Furthermore, rt is preferred that the nonwoven fabric contains organic fie-s at least a ,«rt 7*^, are f ibrillated 
to 1 nm or less in fiber diameter and has a void content of 35-80% ««« a pan or wnicn are tDnllated 

nrn»nS!f "i^ '"^^"^ ^ *« ^^P^ <" oon-aqueous electrolyte battery cortains 

o^^r^tleastapartof Which arefSxillatedtoafberdiamete^ 

r«iB^«h*^"" l^r^r^^ "^'^ ^'^ °' organic fi bers selected from the group consisting of DolvDro- 
pylene fibers, polyethylene fibers, nnlY mpthvlDenteaefiber5lr51^lic fibers. S-oup consisting of^glyEro- 

^nZrT"? f cortain1(jeatre8iste^^^]ic^ a r^elting ^Jint or he at decomposition point ofis??) 
^ "^[^P^ffly^fflBds ^ or moFFfibi^SgSS^ 

fto™SlfrS%?e2SrJmT«"i''^'''^^^ "^"^^ P'^^'^'y- binder is at least one 

ani naSpLi'^^^^^ "'-'^yo" ^beis, polyester ftoeis, polyoiefin ftoers. oolv.mid.%g 

detarb'eir"^'" "^'"'^^ °* non-a^ueous electrolyte battery of the present invention will be explained in 

isaii^t^rrb^rrx^^i^-s^^^^^^ 
tt^rr.^.^c=Sss^ 

point adjuamenl uixlef the condUon ol lis i«ntt3 VNn s««lSZi^ 2 ™*" 
«>lue fe atleaei to last FOuoe/MiKi™™ STT^ft T^f" "K*' ™cn»«te.. Tho naJtins signal 

sps*™ (unit: mv" ^S^^S^S^ SSZ??J??"° wWo» as a «n» »,n«.. ano a po»a, 
ol^25H2a,.tolalliaandll»BSnuS^TS2^i2?«^^^ 
WO«««noiH,n»,mll,l„de.^Kl!*m^^^'^^^ 

q cy Dana or 2 25 HZ IS squared and the resulting values are totalled. The total is multiplied by 2/3 and raised to one- 
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Among the micro-glass fibers used for the nonwoven fabric for separator of non-aqueous electrolyte battery 
according to the present invention, more preferred are those which comprise E glass containing at most 1% by weight 

of sodium oxide (in terms of Na20). Generally used borosilicate glass is not preferred because rt contains sodium of an 
alkali metal and a chemical reaction takes place between sodium and lithium which Is a negative electrode active mate- 

5 rial, resulting in deterioration of battery characteristics. That is, it is considered that lithium ion is replaced with sodium 
ion constituting the miao-glass fibers and sodium is precipitated on the surface of lithium negative electrode, and as a 
result, internal resistance increases to deteriorate battery characteristics, especially, storage characteristics. 

Miao-glass fibers comprising E-glass containing no sodium oxide or the like include, for exanple. E-FIBER com- 
mercially available from Schuller Co., Lid. (U.S.A.). 

10 For the same reason, as the micro-glass f toers in the nonwoven fabric for separator of non-aqueous electrolyte bat- 
tery according to the present invention, those which comprise silica glass containing at least 99% by weight of silicon 
dioxide (in terms of S\0^ are also prefenred. By using micro-glass fibers which comprise silica glass containing at least 
99% by weight of silicon dioxide (in terms of SiOz), there occurs sut>stantially no reduction of electromotive force during 
long-term storage of battery which often occurs when ordinary micro-glass fibers are used. The micro-glass fibers com- 

15 prising the high purity silicon dioxide include, for example, those which are sold in the name of Q-FIBER from Schuller 
Co.. Ltd. (U.S.A.). 

The alumina fibers in the nonwoven fabric for separator of non-aqueous electrolyte battery according to the present 
invention are fibers mainly composed of alumina (AI2O3). As methods for the production of alumina fibers, mention may 
be made of inorganic salt method which comprises spinning a spinning solution comprising a mixture of an aqueous 

20 solution of an aluminum salt and a water-soluble polysiloxane, followed by firing at lOOO^'C or higher In the air; sol 
method which comprises spinning an alumina sol or silica sol. followed by firing; precursor polymer method which com- 
prises dry spinning a mixture of a solution containing polyaluminoxane and a silicate ester and firing the resulting pre- 
cursor fibers at 1 0CX)*'C or higher in the air ; and slurry method which comprises dry spinning a slurry containing a-Al203 
fine powders of less than 0.5 ^m. firing the resulting precursor fibers at 1 0OC'C or higher and further passing the fibers 

25 through a gas flame at 1 500''C to sinter the crystal grains. 

The alumina fibers are. for example, those which are commercially available in the name of SAFFIL from ICI Co. 
(U.K.). in the name of DENKA ALCEN from Denki Kagaku Kogyo K.K.. and in the name of RUBBYLfrom Nichias Co., 
Ltd. 

The alumina • silica fibers used in the nonwoven fabric for separata of noh-aqueous electrolyte battery according ~t 

30 to the present invention are those which comprise 40-60% of alumina and 60-40% of silica, and these are produced, 

for example, by the following methods. An alumina • silica raw material such as^'kaolin calcination product, bauxite alu- ^ 
mine, siliceous sand or silica powder to which is added, if necessary, borate glass, zirconia. chromium oxide or the like ^ 
is molten at a high temperature. The resulting melt is made to fibers by blowing method which comprises blowing com- ^ 
pressed air or steam jet to the melt or by spinning method which utilizes centrifugal force of a rotor rotating at high ^ 

35 speed. These alumina * silica fibers are commercially available, for example, in the name of S FIBER SC from Shin-Nit- 
tetsu Chemical Co., Ltd. and in the name of FINE FLEX from Nichias Co., Lts. 

The rock wools used in the nonwoven fabric for separator of non-aqueous electrolyte battery according to the 
present invention are produced, for example, by the following method. Blast-furnace slag as a main raw material to 
which silica, dolomite, limestone or the like is added and molten at ISOO-ieoO'^C In an electric furnace, and the resulting 

40 homogeneous melt is made to fibers by dropping it on a high-speed rotator at 1 400''C. These rock wools are, for exam- 
ple, commercially available in the name of S FIBER FF from Sin-Nittetsu Kagaku Kogyo Co., Ltd. and ROXSAN FIBER 
from Asahi Fiber Glass Co., Ltd. 

Amount of the inorganic fibers in the separator of non-aqu eous electrolyte battery according to the present inven , 
tion Is preferabl y 20^-86% by weigh tjB >the amount of the inoronic fibers is less than 20% by weight, heat resistance Is {^u 

46 deteriorated, if it is more tnan 80%by weight , strength of the nonwoven fabric decreases because inorganic fibers oer^ ' 
se gen erally have no binding power. ' 
— "Organic Tibers used preferably in the present invention include those in the form of strand which are prepared from 
sy ngietic resins and, in addition, organic fbers at least a part of which are fibrillated to 1 um or less in fiber diamete r. 
TR^e fibers also include heat resistant organic fiaers having a melting point or heat decomposition temperature o f 

50 2^0°C or higher and fibrous Dinders. ' ——————————— 

The organic fibers in the form of sffand used in the present invention are preferably polyolef in fibers, polyester fiber s 
and vtnylon ftoers (polyvinyl alcohol fibers) which are inactive in batteries. The polyolefin fibers are those which com - 
prise polyolef in resins such as polyethylene and polypropylene. Not only the fibers in the form of strand, but also fiber s 
In the form of pulp made by f ibrillating polyolefin resins may be used. Furthermoretfieat fusion bonding fibers com pris- 

55 ing polyolefin resins can also be preferably used and thev oenerallv conrorise two resins in combination. The core p or- 
tion comprises a high-melting point resin such as polypropylene resin and the sheath portion conprises a low-meltiD g 
p oint adhesive resin such as polyethylene resin, ethylene-vinyl alcohol copolymer resin or the like, and bv heating them. 
Tusion bonding between the fibers occurs to develop strength. Uke polyolefin fibers, the polyester fibers and vinylon fib- 
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ere can also be used in the form of f torlllation product or heat fusion bonding fibers as well as in the form of stran d. 

By using organic fibers at least a part of which are Tibrillated to 1 fim or less in fiber diameter, a uniform nonwoven 
fabric for separator of non-aqueous electrolyte battery can be produced without formation of pin holes. Examples of the 
organic fibers at least a part of which are f ibriilated to 1 ^m or less in fiber diameter are those which are processed by 
5 the following methods. 

Organic f Ibere cut to 5 mm or less> preferably 3 m m or less as a mwmat erial are dispersed in water to prepare a 
suspension. Ooncentration of t he suspension yaTmost Z5% dv weiam. prererp ^^jY ] n% t a^Lweigg Lmnro pr^ffiffiNY 1 - 
"2% by weight, nils SUSpehSlon is introduced into a high-pressure homogen izer used for preparation of emulsion or dis- 
" persion to app l y a press nrgt>f at leas t 1 00 kgycm° n >y6f6r&b i y 2 00-bOO kg/cnf , m ore preferably 400-500 kg/cny' and the 

10 suspension is repeatedly allowed to pass through the homogenizer, during which a shearing force generated by allow- 
ing the suspension to collide against the homogenizer wall at high speed and rapidly reducing the speed is applied to 
the organic fibers. The effect of the application of shearing force is to split the fibers in the direction parallel to the fiber 
axis and loosen them and thus the fibers are gradually f ibriilated. 

The organic fibers to be tibrillated are preferably at least one kind of fibers selected from polyp rop ylene fibers. do I- 

15 yethylene fibers, polvmethvloentene fibers and acrylic fibers. Furthermore, heat resistant organic f bers are suitable-and 
aramid fibers, polyarylate fibere and poly- p-phenylenebenzobisoxazole fibers are prefen^ed. Especially preferred ar e 
pol>^rylate fibers and pOiy-PH3n6nyi6n6P6h2!bbi^'6xtode^ ' * 

— "The aramid fibers are tnose wnich are prepared by making to fibers poly-p-phenyleneterephthalamide. poly-p-ben- 
zamide. poly-p-amidehydrozide, poly-p-phenyleneterephthalamide-3,4-diphenyl ether terephthalamide, poly-m-phe- 

20 nyleneisophthalamide, etc. These are prefenred because they are excellent not only in heat resistance, but also In 
strength. 

The aramid fibers are, for example, those which are commercially available in the name of KEVLAR from Oupont- 
- Toray « Kevlar or Teijin, Limited. TECHNORA and CX)NEX from Teijin, Limited. TWARON from Japan Aramide Co. 
Polyolef in fibers such as polypropylene fibers, polyethylene fibere. polymethylpentene fibere. etc. and acrylic fibere 

25 are preferred because they are excellent in resistance to electrolyte. Polymethylpentene fibere are excellent also in heat 
resistance and are further prefen-ed. 

The polymethylpentene fibers are prepared by polymerizing 4-methylpentene-1 obtained by dimerization of propyl- 
ene and then making the polymer to fibers. 

The heat resistant organic fibers among the organic fibers used in the present invention mean fibers which do not 

30 melt or decompose even at 250°C and are less in deterioration even after st orage for more than 1 month ir> a high-tem- 
perature atmosphere of 200°C. More specifically, they include, for examolef jolvDhenvlene sulfide fibers) polyarylate 
fibere. polyether ketone fibere, polyimide fibers, polyether sutfone fibere. poly^-phenylenebenzobisoxazde fibers, ara- 
mid fibere, polyamideimide fibers, and polyether imide fibere. Of these fibere. poJyphenylene sulfide fibers, polvarvlate 
fibere, polyether ketone fibere. polyimide fibere. polyether suKone fibere and poly-p-phenylenebenzobisoxazole fibere 

35 are preferred because these have no adverse effect on battery characteristics arxJ are superior in battery storage char- 
acteristics. Among them, for exannple, polyphenylene sulfide fibere are commercially available from Toray Industries, 
Inc. and polyarylate fbers are commercially available in the name of VECTRAN from Kuraray Co. Ltd. and EKONOL 
from Sumitonro Chemical Co.. Ltd. and poly-p-phenylenebenzobisoxazole fibers are commercially available in the 
name of PBO FIBER from Toyobo Co.. Ltd. 

40 As the fibrous binders ijrpH in fho pro^pp^ jny/onfion, fhorft may ho npifyj p|pne or in combination those of so-called 
heat-metting type in which the fibere per se partiall y or whnWy mflit with hpat tn QYhihlt htnrling powor bntwpo" f ihftj?^ 
those of a type i n which the fibers per se dissolve partially or wholly in water or hot water and binding power is produced 
between tibere in the drying process, those of a type in which binding power is produced bv hvc ^rogen bond betwQgnT' 
fibere, and those of a type in which binding power is produced between fibere by entanglement of fine fibere. 

45 Prefen'ed examples of the fibrous bindere are vinylon fibere. polyester f bers. polyolefin fibere such as polypropyl- 
ene fibers, polyethylene fibere. composite fibere comprising polyethylene and polypropylene, composite fibere compris- 
ing polypropylene and ethylene-vinyl alcohol copolymer and polyolefin synthetic pulps prepared from polyolefin resin, 
polyamide fibere and natural pulps. Vinylon fibere, polyolefin fibers containing polypropylene and polyamide fibere are 
more preferred because the resulting nonwoven fabric Is high in strength and superior in heat resistance and resistance 

50 to electrolyte. 

Length of f ib^s constituting the nonwoven fabric for separator of non-aqueous electrolyte battery in the present 
invention is not limited as far as they have a length enough to be able to be subjected to wet paper making, but it is pref- 
erably 1 -30 mm. If the length of fibers is less than 1 mm. less interlocking of fibere occure and. as a result, the strength 
provided by the heat fusion bonding is insufficient On the other hand, if it is more than 30 mm, the fibere get tangled in 
55 the slurry and a uniform nonwoven fabric cannot be obtained. When such nonwoven fabric is used as a separator for 
non-aqueous electrolyte battery, the separator can hardly have Rpy or SRa in the range of the present invention, and 
the desired processabilrty or battery characteristics cannot be obtained, and furthermore, electrical resistance becomes 
non-uniform. 
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roughness are adjusted. It is especially preferred to adjust to the desired thickness and center surface average rough- 
ness SRa by pressure heat treatment i^lng a hot calender. 

The temperature for the pressure heat treatment in hot calendering varies depending on the kind of the organic f 11)- 
ers used for the nonwoven fabric and the treatment is earned out at a temperature higher than Tg of the organic fibers 

5 and lower than the melting point of the organic fibers. Especially when heat fusion bonding fibers are contained, the 
temperature must be increased up to the bonding power devek>plng temperature of the heat fusion bonding fibers. The 
temperature is preferably 50-200''C from the points of constitution of the organic fibers, processing conditions, etc. 
When the pressure treatment is conducted at a tenperature lower than 50°C. suffident bonding power is not developed, 
the thickness increases again with lapse of time, the nonwoven fabric cannot be thinned to the desired thickness and 

10 cracks occur. In addition to these troubles, the SRa cannot be inproved. When the pressure treatment is carried out at 
higher than 200''C. the fibers per se are deteriorated with heat, resulting in reduction of strength or distortion. Even if 
the deterioration does not occur, density of the nonwoven fabric increases too much and a sufficient void content cannot 
be obtained to damage battery performance. 

The nonwoven fabric for separator of non-aqueous electrolyte battery of the present invention is preferably pro- 

IS duced by wet paper making process because a uniform nonwoven fabric free from pin holes can be obtained. Paper 
machines used for the wet paper making process include Fourdrinler paper machine, cylinder paper machine, inclined 
type paper machine and combination machine comprising combination of 2 or more of these paper machines. 

Since the nonwoven fabric for separator of non-aqueous electrolyte battery according to the present invention has 
a thickness non-uniformity index Rpy of 1 000 mV or less or a center surface average roughness SRa of 6 fim or less in 

20 the whole wavelength region measured using a feeler type three-dimensional surface roughness meter, the nonwoven 
fabric is superior in adhesion to electrodes, there occurs no slippage or gap between the separator and electrodes in 
fabrication of battery, battery processability such as rollabllity with electrodes Is excellent and k>y using the nonwoven 
tabric of the present invention as a separator of non-aqueous electrolyte battery, a non-aqueous electrolyte battery 
excellent In current capacity, battery characteristics and battery storage characteristics can be produced. The nonwo- 

25 ven fabric for separator of non-aqueous electrolyte battery according to the present invention can be obtained by pro- 
ducing a uniform nonwoven fabric by a wet paper making process, and if Rpy and SRa of the resulting nonwoven labric 
are not the desired values, they can be adjusted to the desired values by secondary processing treatments such as cal- 
endering treatment using machine calender or soft calender, hot calendering treatment and hot soft calendering. Fur- 
thermore, when the nonwoven fabric for separator of non-aqueous electrolyte t)attery according to the present invention 

30 contains inorganic fibers such as micro-glass fibers, alumina f bers. alumina silica fibers and rock wools or heat resist- 
ant organic f bers, since the fabric is excellent in heat resistance, even if battery temperature rises owing to external 
short-circuit of electrodes, shrinking or burning of the nonwoven fabric does not occur and ignition of the battery can be 
prevented. Moreover, when the micro-glass fibers which constitute the nonwoven fabric for separator of non-aqueous 
electrolyte battery do not contain sodium oxide which hinders the battery reaction, the resulting non-aqueous electro- 

35 lyte battery is markedly superior in battery storage characteristics. Furthermore, when the organic fibers which consti- 
tute the nonwoven fabric for separator of non-aqueous electrolyte battery are those at least a part of which are f ibrillated 
to 1 ^m or less in fiber diameter, formation of pin holes which cause internal short-circuit can be prevented. 

The following nonlim'iting examples explain the present invention in more detail. The means **% by weight" of 
the fibers constituting the nonwoven fabric of the present Invention. 

40 Evaluation was conducted by the following test methods In the examples and comparative examples, and the 
results are shown in JabHes 1-9. 

Items of evaluation: 

45 < Battery processability ) 

Lithium cobaltate was used as a positive electrode active material and graphitized cartx)n was used as a negative 
electrode, and the nonwoven fabric made in the following exanples and comparative examples was used as a separa- 
tor of non-aqueous electrolyte battery The separator was arranged in contact with the electrodes and the whole was 
50 made to electrodes of spiral structure. Then, LiCI04 was dissolved at a concentration of 0.5 mol// in a mixed solution of 
propylene carbonate:1.2-dtmethoxy6thane = 1:1 to prepare an electrolyte. A cylindrical lithium battery of 18650 type 
(diameter: 18 mm and length: 65 mm) was made using the electrodes and the electrolyte. Processability was evaluated 
by examining uniformity, space, meander and alippage between the electrode and the separator. The results were 
graded by the following criteria. 

55 

O ' Processing could be perfonned without any problems such as formation of space, meander and slippage, and 

the separator and electrodes could be unifbrmty produced. 
X: There were problems In processability and the separator and electode were non-uniform. 
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a: There were some problems in processability. but they were practically acceptable. 
In all items, the mark means "unmeasurable". 
5 (Capacity) 

A cylindrical lithium battery made in the same manner as above for making the battery used for testing and evalu- 
ating < Battery processability ) was subjected to full charging at a constant voltage of 4.1 V. and then the capacity of the 
battery was measured. The greater capacity indicates the higher performance of the secondary battery 

TO 

( Battery characteristics ) 

A cylindrical lithium battery made in the same manner as above for making the battery used for testing and evalu- 
ating ( Battery processability > was subjected to full charging at a constant voltage of 4.1 V and, thereafter, battery char- 
ts acteristics were evaluated. This was mainly evaluation of the initial battery characteristics. In the discharge 
characteristic curve obtained by measuring the relation between the battery voltage and the discharge time, tiie flatter 
cun^e Indicates the better results. The results were graded by the following criteria. 

O : Discharging was good. 
20 a: Discharging was somewhat bad, but practically acceptable. 
X: Discharging was bad. namely, the voltage greatiy reduced. 

< Battery storage battery) 

25 A cylindrical lithium battery made in the same manner as above for making the battery used for testing and evalu- 
ating ( Battery processability ) was stored at 60°C for 3 months, and, thereafter, battery characterisrics (discharge char- 
acteristics) were measured and the battery storage characteristics were evaluated in the same manner as in tiie 
evaluation of ( Battery characteristics ) from tiie discharge characteristic curve. The results were graded by tiie following 
criteria. 

30 

Q: Good. 

A : Somewhat bad, but practically acceptable. 
X: Bad. 

35 (Heat resistance) 

The nonwoven fabric produced in tiie examples and comparative exanples was sandwiched between an upper 
metallic plate electrode and a lower metallic plate electrode, and connected to an electrical resistance measuring appa- 
ratus so as to be able to measure electrical resistance. The nonwoven fabric sandwiched between tiie metallic plates 

40 was placed in an electric furnace and the temperature was elevated up to 500''C, and temperature and electrical resist- 
ance were measured. When temperature rose and the nonwoven fabric shrank, melted or burnt and could not serve as 
a separator, electrical resistance decreased and finally short-circuit occurred. The temperature at which the short-cir- 
cuit occurs was employed as a scale of heat resistance. When this temperature was higher than 1 80''C, heat resistance 
was good and when this was 120-180''C, tiie heat resistance was somewhat inferior, but practically acceptable. When 

45 it was lower than IZO^C, the heat resistance was bad. When short-circuit did not occur up to 500^6, this was indicated 
by"5(X)<" in tiie table. 

(Gas permeability) 

50 Gas permeability was measured using Smooster (Model SM-6A) manufactured by Toei Denshi Kogyo Co.. Ltd. 
Since ttie upper limit of gas permeability measurable by this equipment is 720 mmHg. when the measured value 
exceeded 720 mmHg, '*720<" was indicated in the table. 

(Void content) 

55 

Void content was obtained from the following formula. 

VoW content (%)=(i-(MAT)/D)xioo 
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In the above formula. M denotes basis weight (g/m^. T denotes thickness (^m) and D denotes specific gravity (g/cm^) 
of the nonwoven fabric. 

< Electrolyte retention characteristics) 

5 

When the nonwoven febric produced in the examples and the comparative examples wras dipped in the electrolyte 
prepared above for testing and evaluating < Battery processability ), holding amount of the electrolyte was determined. 
The greater amount indicates the better retention of electrolyte. The results were graded by the following criteria. 

10 O' Good. 

A : Somewhat bad, but practically acceptable. 
X: Bad. 

< Electrolyte penetrability) 

IS 

The nonwoven fabric produced in the examples and the comparative exanples was cut to 10 cm x 10 cm. This was 
dipped in the electrolyte prepared above for testing and evaluating (Battery processability), and the time required for 
the electrolyte penetrating into the nonwoven fabric was measured to evaluate the electrolyte penetrability. The faster 
penetration of the electrolyte means the better electrolyte penetrability. The results were graded by the following criteria. 

20 

Q: Good. 

a: Somewhat bad, but practically acceptable. 
X: Bad. 

25 (Pinholes) 

The nonwoven fabric obtained in the examples and the comparative examples was visually observed to determine 
whether there were through holes or not. 

30 (Ignition) 

One hundred batteries mentioned above were made and external-circuited using a test circuit which shows a resist- 
ance of 10 milli-ohms when the short-circuit occurs, and it was examined whether the batteries got to ignite or not. 
When no batteries ignited, this is indicated by O and when even one battery ignited, this is indicated by X. 

35 

Example 1 

50% of polypropylene fbers (PZ manufactured by Daiwa Spinning Co., Ltd.; 0.7 d x 5 mm) and 50% of polyoleftn 
heat fusion bonding fibers (NBF-H manufactured by Daiwa Spinning Co.. Ltd.; 0.7 d x 5 mm) were (Aspersed in water 
40 to prepare a slurry of 0.01% in concentration. The resulting slurry was subjected to wet paper making process by a cyl- 
inder paper machine with using somewhat higher wet pressing pressure at the wet part to make a nonwoven fabric of 
22 g/m^ In basis weight and 50 In thickness for separator of non-aqueous electrolyte battery 

Example 2 

45 

A nonwoven fabric of 35 g/m^ in basis weight and 80 ^m in thickness for separator of non-aqueous electrolyte bat- 
tery was made in the same manner as in Example 1 . The resulting nonwoven fabric was further subjected to a pressure 
heat treatment at 1 AO^'C by hot calender treatment to adjust the thickness to 50 \jjr}. 

so Example 3 

40% of micro-glass fibers having an average f ber diameter of 1 .0 nm (#108A manufactured by Schuller Co., Ltd.), 
30% of polypropylene fibers (PZ manufactured by Daiwa Spinning Co., Ltd.; 0.7 d x 5 mm) and 30% of polyolefin heat 
fusion bonding fibers (NBF-H manufactured by Daiwa Spinning Co., Ltd.; 0.7 d x 5 mm) were dispersed in water to pre- 
ss pare a slurry. The resulting slurry was subjected to wet paper making process by a cylinder paper machine to make a 
nonwoven fabric of 25 Qfvr? in basis weight and 90 ^m in thickness for separator of non-aqueous electrolyte battery The 
resulting nonwoven fabric was further subjected to a pressure heat treatment at 1 40*'C by hot calendering to adji^ the 
thickness to 50 ^m. 
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The oomponents of the glass fibers used in this example were as follows: 
( Components of glass fibers ) 



5 





Si02 


58.55% 




B2O2 


10.5% 




NaaO 


10.1% 


10 


AI2O3 


5.8% 




BaO^ 






ZnO^ 




IS 


K2O 


3.2% 




CaO 


1.9% 




F2 


0.6% 




MgO 


0.3% 


20 


FegOa 


0.04% 




TiOg 


0.01% 



25 Example 4 

40% of micro^lass fibers having an average fiber diameter of 0.65 ^m and comprising 99.8% of silicon dioxide (Q- 
FIBER #106Q manufactured by Schuller Co., Ltd.). 30% of polypropylene fibers (PZ manufactured by Daiwa Spinning 
Co., Ltd.; 0.7 d X 5 mm) and 30% of polyolefin heat fusion bonding fibers (NBF-H manufactured by Daiwa Spinning Co., 
30 Ltd. ; 0.7 d X 5 mm) were dispersed in water to prepare a slurry The resulting slurry was subjected to wet paper making 
process by a cylinder paper machine to make a nonwoven fabric of 25 g/m^ in basis weight and 90 ^m in thickness for 
separator of non-aqueous electrolyte battery. The resulting nonwoven fabric was further subjected to a hot calender 
treatment at UO^'C to adjust the thickness to 50 ^im. 

35 Example 5 

The nonwoven fabric for separator of non-aqueous electrolyte battery made in the same manner as in Exanple 1 
was subjected to a hot calender treatment with changing only the hot calendering condition to a temperature 40''G to 
adjust the thickness to 50 ^m. TTie nonwoven fabric had dents on the surface. 

40 

Example 6 

The nonwoven fabric for separator of non-aqueous electrolyte battery made in the same manner as in Example 4 
was subjected to a hot calender treatment with changing only the calendering temperature to 210*^0 to adjust the thick- 
45 ness to 50 (im. The surface of the nonwoven fabric partially filmed. 

Example 7 

50% of polypropylene fibers (PZ manufactured by Daiwa Spinning Co., Ltd.; 2d x 5 mm) and50% of polyolefin heat 
50 fusion bonding fibers (NBF-H manufactured by Daiwa Spinning Co., Ltd.; 2 d x 5 mm) were dispersed in water to pre- 
pare a sluny. The resulting slurry was subjected to wet paper making process by a cylinder paper machine to make a 
nonwoven fabric of 18 g/m^ in basis weight and 50 ^m in thickness for separator of non-aqueous electrolyte battery. 

Example 8 

55 

40% of micro-glass ftoers having an average fiber diameter of 4.0 \im (#112 manufactured by Schuller Co.. Ltd.), 
30% of polypropylene fibers (PZ manufactured by Daiwa Spinning Co., Ltd.; 2 d x 5 mm) and 30% of polyolefin heat 
fusion bonding fibers (NBF-H manufactured by Daiwa Spinning Co., Ltd.; 2 d x 5 mm) were dispersed in water to pre- 
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pare a slurry. The resulting slurry was subjected to wet paper making process by a cylinder paper machine to make a 
nonwoven fabric of 25 g/m^ In basis weight and 90 ^m in thickness for separator of non-aqueous electrolyte battery. The 
resulting nonwoven fabric was subjected to a hot calender treatment at 140''C to adjust the thickness to 50 pm. 



Table 1 





Thickness non- 
uniformity index 
Rpy (mv) 


Battery processa- 
bility 


Battery capacity 
(nfiAh) 


Battery storage 
characteristics 


Heats regestance 
PC) 


Example 1 


920 




750 


O 


160 


Example 2 


550 


o 


820 


O 


160 


Example 3 


530 


o 


860 


A 


500 


Example 4 


480 


o 


980 


o 


500 


Example 5 


970 


A 


700 


o 


500 


Example 6 


220 


o 


720 


o 


500 


Example 7 


1250 


X 


450 


o 


160 


Example 8 


1100 


X 


480 


A 


500 



Evaluation: 



25 As can be seen from the results of Table 1 , the nonwoven fabrics for separator of non-aqueous electrolyte batteries 
made in Examples 1-6 according to the present invention were low in thickness non-uniformity index Rpy and superior 
in adhesion to electrodes. Therefore, battery processability such as reliability with electrodes was superior and non- 
aqueous electrolyte batteries high in capacity couM be produced. Since in Example 1 the hot calender treatment was 
not carried out and in Example 5 the treating temperature was 40*^C and the effect of hot calender treatment was low, 

30 the fc)attery processability such as reliability with electrodes was somewhat inferior. 

On the other hand, the nonwoven fabrics for separator of non-aqueous electrolyte batteries made in Exanples 7 
and 8 were high in thickness non-uniformity index Rpy and inferior in adhesion to electrodes and hence, battery proc- 
essability such as rollability with electrodes was inferior. Therefore, the resulting non-aqueous electrolyte batteries were 
low in capacity. In Examples 3 and 8, the micro-glass fibers contained sodium oxide which hinders battery reaction and, 

35 therefore, the battery storage characterisitcs were somewhat inferior. 

Example 9 

65% of polypropylene fibers (PZ manufactured by Daiwa Spinning Co., Ltd.; 0.7 d x 5 mm) and 35% of polyolefin 
40 heat fusion bonding fibers (NBF-H manufactured by Daiwa Spinning Co., Ltd.; 0.7 d x 5 mm) were mixed and dispersed 
In water to prepare a slunry. The resulting slurry was subjected to wet paper making process by a cylinder paper 
machine v\nth using somewhat higher wet pressing pressure at the wet part to make a nonwoven febric of 25 g^fl? In 
basis weight and 50 Mm in thickness for separator of non-aqueous electrolyte battery. 

45 Example 10 

A nonwoven fabric of 30 g/m^ in basts weight and 100 ^m in thickness for separator of non-aqueous electrolyte bat- 
tery was produced in the same manner as in Example 9. except that the wet pressing pressure was normal pressure. 
The nonwoven fabric was further subjected to a hot calender treatment at 130*'C to adjust the tNckness to 50 rxm. 

50 

Example 11 

50% of the micro-glass fibers used in Example 3, 25% of polypropylene fibers (PZ manufactured by Daiwa Spin- 
ning Co., Ltd.; 0.7 d X 5 mm) and 25% of polyolefin heat fusion bonding fibers (NBF-H manufactured by Daiwa Spinning 
55 Co.. Ltd.; 0.7 d X 5 mm) were dispersed In water to prepare a slurry The resulting slurry was subjected to wet paper 
making process by a cylinder paper machine to obtain a nonwoven fabric of 25 g/m^ in basis weight and 100 pm in 
thickness for separator of non-aqueous electrolyte battery. Then, the nonwoven fabric was subjected to a hot calender 
treatment at 1 30''C to adjust the thickness to 50 ^m. 
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Example 12 

50% of the micro-glass fibers used in Example 4. 25% of polypropylene fibers (PZ manufactured by Daiwa Spin- 
ning Co.. Ltd.; 0.7 d X 5 mm) and 25% of polyolefin heat fusion bonding fibers (NBF-H manufactured by Daiwa Spinning 
5 Co.. Ltd.; 0.7 d X 5 mm) were dispersed in water to prepare a slunry. The resulting slurry was subjected to wet paper 
making process by a cylinder paper machine to obtain a nonwoven fabric of 25 g/hfi^ in basis weight and 90 ^m in thick- 
ness for separator of non-aqueous electrolyte battery. Then, the nonwoven fabric was subjected to a hot CEdender treat- 
ment at ISO'^C to adjust the thickness to 50 (un. 

10 Example 13 

The nonwoven fabric for separator of non-aqueous electrolyte battery made in the same manner as in Example 12 
was subjected to a hot calender treatment with changing only the calendering temperature to 40^C to adjust the thick- 
ness to 50 mhi. The nonwoven fabric had dents on the surface. 

15 

Example 14 

The nonwoven fabric for separator of non-aqueous electrolyte battery made in the same manner as in Example 12 
was subjected to a hot calender treatment with changing only the calendering temperature to 210''C to adjust the thick- 
20 ness to 50 (im. The surfece of the nonwoven fabric partially filmed to hinder penetration of electrolyte. 

Example 15 

60% of polypropylene fibers (PZ manufactured by Daiwa Spinning Co., Ltd.; 2 d x 5 mm) and 40% of polyolefin heat 
25 fusion bonding fibers (NBF-H manufactured by Daiwa Spinning Co., Ltd.; 2 d x 5 mm) were mixed and dispersed in 
water to prepare a slurry. The resulting slurry was subjected to wet paper making process by a cylinder paper machine 
to obtain a nonwoven fabric of Mgfrr^ in basis weight and 50 (im in thickness for separator of non-aqueous electrolyte 
battery. 

30 Example 16 

50% of the micro-glass fibers used in Example 8, 25% of polypropylene fibers (PZ manufactured by Daiwa Spin- 
ning Co.. Ltd.; 2 d X 5 mm) and 25% of polyolefin heat fusion bonding fibers (NBF-H nrtanufactured by Daiwa Spinning 
Co., Ltd.; 2 d X 5 mm) were mixed and dispersed in water to prepare a s\my. The resulting slurry was subjected to wet 
35 paper making process by a cylinder paper machine to obtain a nonwoven fabric of 25 g/nf in basis weight and 11 0 jim 
in thickness for separator of non-aqueous electrolyte battery Then, the nonwoven fabric was subjected to a hot cal- 
ender treatment at 140°C to adjust the thickness to 50 ^m. 



Table 2 







Center surface 
average rough- 
ness SRa (^m) 


Battery process- 
ability 


Battery capacity 
(mAh) 


Battery storage 
characteristics 


Heats regestance 

ro 


45 


Example 9 


5.5 


A 


700 


O 


160 




Example 10 


2.0 


o 


980 


O 


160 




Example 11 


3.3 


o 


860 




500< 




Example 12 


2.7 


o 


920 


o 


500< 


50 


Example 13 


4.8 




750 


o 


500< 




Example 14 


1.8 


o 


720 


o 


500< 




Example 15 


6.5 


X 


490 


o 


160 


55 


Example 16 


8.0 


X 


400 


A 


500< 
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Evaluation: 

As can be seen from the results of Table 2. tfie nonwoven fabrics for separator of non-aqueous electrolyte batteries 
niade In Examples 9-14 according to the present Invention h^ a low center surface average roughness SRa and were 
5 superior In adhesion to electrodes. Tlierefore, they were superior in battery processability such as rollability with elec- 
trodes, and non-aqueous electrolyte batteries high in capacity and superior in battery storage characteristics could be 
produced. Since in Example 9 the hot calender treatment was not earned out and in Example 13 the treating tempera- 
ture was 40<*C and the effect of hot calender treatment was low, the battery processability such as rollability with elec- 
trodes was somewhat Inferior. 

10 On the other hand, the nonwoven fabrics for separator of non-aqueous electrolyte batteries made in Examples 15 
and 16 were high in center surface average roughness SRa and inferior in adhesion to electrodes. Therefore, they were 
inferior in battery processability such as rollability with electrodes and the resulting non-aqueous electrolyte batteries 
were low in current capacity. In Examples 1 1 and 16, the micro-glass fibers contained sodium oxide which hinders bat- 
tery reaction and, therefore, the battery storage characteristics were somewhat inferior. 

IS 

Example 17 

90% of micro-glass fibers having an average fiber diameter of 2.7 ^m (#110 manufactured by Schuller Co.. Ltd.) 
and 10% of vinylon fibers (VPB107-1x3 manufactured by Kuraray Co., Ltd.) as a fibrous binder were mixed and dis- 
20 parsed in water to prepare a slurry. The resulting slurry was subjected to wet paper making process by a cylinder paper 
machine to make a nonwoven fabric of 20 Q/vr? in basis weight and 50 ^m in thickness for separator of non-aqueous 
electrolyte battery. This nonwoven fabric had an Rpy of 950 mV and an SRa of 5.8 Mm. 

Example 18 

25 

80% of micro-glass fibers used in Example 3 and 20% of core-sheath composite fibers comprising polypropylene 
and polyethylene (NBF-H manufactured by Dalwa Spinning Co., Ltd.; 2 d x 10 mm in fiber length) as a fibrous binder 
were mixed and dispersed in water to prepare a slunry. The resulting slurry was subjected to wet paper making process 
by a cylinder paper machine to make a nonwoven fabric of 20 g/m^ in basis weight and 70 ^m in thickness for separator 
30 of non-aqueous electrolyte battery Then, the nonwoven fabric was subjected to a hot calender treatment at 130"C to 
adjust the thickness to 30 (im. TTiis nonwoven fabric had an Rpy of 600 mV and an SRa of 3.5 ^m. 

Example 19 

35 A nonwoven fabric of 20 g/rr? in basis weight and 30 ^m in thickness for separator of non-aqueous electrolyte bat- 
tery was produced In the same manner as In Example 18, except that the amounts of the micro-glass fibers used in 
Example 3 and NBF-H (manufactured by Daiwa Spinning Co., Ltd.; 2 d x 10 mm in fiber length) as a fibrous binder were 
20% and 80%, respectively. This nonwoven fabric had an Rpy of 570 mV and an SRa of 3.4 \im, 

40 Example 20 

40% of micro-glass fibers used in Example 3, and 40% of NBF-H (manufactured by Daiwa Spinning Co., Ltd.; 2 d 
X 10 mm in fiber length) and 20% of vinylon fibers (VPB107-1 x3 manufactured by Kuraray Co.. Ltd.) as fibrous binders 
were mixed and dispersed in water to prepare a slun'y The resulting slurry was subjected to wet paper making process 
45 by a cylinder paper machine to make a nonwoven fabric of 20 g/m^ in basis weight and 70 ^m in thickness for separator 
of non-aqueous electrolyte battery Then, the nonwoven fabric was subjected to a hot calender treatment at ISO^C to 
adjust the thickness to 30 \sjm. This nonwoven fabric had an Rpy of 560 mV and an SRa of 3.3 \xrr\. 

Example 21 

so 

1 00% of the micro-glass fibers used in Example 1 7 were dispersed in water to prepare a slun^. The slurry was sub- 
jected to wet paper making process. However, the resulting nonwoven fabric was very low in strength because fibrous 
binder was not used. 

55 Example 22 

100% of vinylon fibers (VP61 07-1x3 manufactured by Kuraray Co., Ltd.) as a fibrous binder were dispersed in 
water to prepare a slury. The resulting slun-y was subjected to wet paper making process by a cylinder paper machine, 
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but the fibrous binder melted to result in a filmy product. 
Example 23 

5 10% of micro-glass fibers used in Example 3 and 90% of NBF-H (manufactured by Datwa Spinning Co.. Ltd.; 0.7 d 
X 10 mm in fiber length) as a fibrous binder were dispersed in water to prepare a slurry. The resulting slun'y was sub- 
jected to wet paper making process by a cylinder paper machine to make a nonwoven ^rlc of 20 g/m^ in basis weight 
and 70 \im in thickness for separator of non-aqueous electrolyte battery. Then, the nonwoven fabric was suk)jected to a 
hot calender treatment at 140^0 to adjust the thickness to 35 ^m. The surface of the nonwoven fabric became filmy. 

10 

Example 24 

80% of glass fibers having an average fiber diameter of 6 ^m (manufactured by Asahi Fiber Glass Co., Ltd.; fiber 
length: 6 mm) and 20% of NBF-H (manufactured by Daiwa Spinning Co., Ltd.; 0.7d x 10 mm in fiber length) as afibrous 
15 binder were dispersed in water to prepare a slun'y. The resulting slurry was subjected to wet paper making process by 
a cylinder paper machine to make a nonwoven fabric of 20 g/m^ in basis weight and 100 ^m in thickness for separator 
of non-aqueous electrolyte battery. This nonwoven fabric had an Rpy of 1100 mV and an SRa of 6.5 \im. 

Example 25 

20 

A nonwoven fabric for separator of non-aqueous electrolyte battery of 20 g/tr? in basis weight and 100 \>m in thick- 
ness for separator of non-aqueous electrolyte battery was made in the same manner as In Comparative Example 24. 
Then, this nonwoven fabric was subjected to a hot calender treatment at 130''C to adjust the thickness to 50 ^m. This 
nonwoven ^ric had an Rpy of 1000 mV and an SRa of 6.1 ^m. 

25 

Example 26 

A nonwoven fabric of 20 gAn^ in basis weight and 60 ^m in thickness for separator of non-aqueous electrolyte bat- 
tery was produced in the same manner as in Example 1 7, except that the amounts of the micro-glass fibers and vinylon 
30 fibers (VPB107-Ix3 manufactured by Kuraray Ca. Ltd.) as a fibrous binder were 95% and 5%. respectively. 

Example 27 

A nonwoven fabric of 20 g/im^ in basis weight and 30 ^m In thickness for separator of non-aqueous electrolyte bat- 
35 tery was produced in the same manner as in Example 20, except that the amounts of the micro-glass fibers used in 
Example 3. NBF-H (manufactured by Daiwa Spinning Co., Ltd.; 2 d x 10 mm) and vinylon fibers (VPB1 07-1x3 manu- 
factured by Kuraray Co., Ltd.) as fibrous binders were 30%, 50% and 20%» respectively. 



40 



45 



50 



55 
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Tables 





Battery process- 
ability 


Battery character- 
istics 


Battery storage 
characteristics 


Heat resistance 
( C) 


Pin holes 


Ignition 


Example 17 


o 


o 


A 


500< 


No 


o 


Example 18 


o 


o 


A 


500< 


No 


o 


Example 19 


o 


o 


A 


250 


No 


o 


Example 20 


o 


o 


A 


500 


No 


o 


cxampie ^ 1 


y 

A 






ouu< 


Mn 




Example 22 


o 


X 


X 


200 


No 


X 


Example 23 


o 


ti, 


A 


165 


No 


X 


Example 24 


X 


A 


A 


500< 


Formed 


X 


Example 25 


X 


A 


A 


500< 


Formed 


X 


Example 26 


X 


A 


A 


500< 


No 


X 


Example 27 


O 


o 


A 


400 


No 


O 



Evaluation: 

25 

The nonwoven fabrics for separator of non-aqueous electrolyte batteries of Examples 17-20 and 27 were superior 
in battery processability such as rollability with electrodes, and non-aqueous electrolyte batteries superior in battery 
characteristics could be made. Since the nonwoven fabrics contained micro-glass fibers, they were excellent in heat 
resistance and did not shrink or burn owing to melting of the fibers even when battery temperature rose due to external 

30 short-circuit. Thus, ignition of batteries could be prevented. Furthermore, the micro-glass fibers contained sodium oxide 
which hinders battery reaction and, therefore, the battery storage characteristics were somewhat inferior. 

On the other hand, the nonwoven fabric for separator of non-aqueous electrolyte batteries of Example 21 was com- 
posed of only micro-glass fibers and, therefore, excellent in heat resistance, but since micro-glass fibers have no self- 
binding power, strength of the nonwoven fabric much decreased to often cause troubles of breakage at the time of fab- 

35 rication of batteries. Thus, battery processability was very bad and non-aqueous electrolyte batteries could not be sta- 
bly produced. 

The nonwoven fatxic for separator of non-aqueous electrolyte battery of Example 22 was composed of only vinylon 
fibers which are fibrous binder and. therefore, became filmy. Thus, penetration of electrolyte was inferior and the result- 
ing non-aqueous electrolyte batteries were inferior in battery characteristics and battery storage characteristics. Fur- 

40 thermore, since the nonwoven fabric was inferior in heat resistance, the fitters melted when t)attery temperature rose 
due to external short-circuit, resulting in shrink of the nonwoven fabric to cause internal-short circuit owing to contact 
between electrodes to generate heat, which led to ignition. 

Since the nonwoven fabric for separator of non-aqueous electrolyte batteries of Example 23 contained a small 
amount, namely. 10% of the micro-glass fibers, it was inferior in heat resistance, and the fibers melted when battery 

45 temperature rose due to external short-circuit, resulting In shrink of the nonwoven fabric to cause internal-short circuit 
owing to the contact between electrodes to generate heat, which led to ignition. Furthermore, content of vinylon fibers 
was high, namely, 90%, the surface of the nonwoven fabric filmed, and thus penetration of electrolyte was inferior and 
the resulting non-aqueous electrolyte batteries were inferior in battery characteristics and battery storage characteris- 
tics. 

50 Since the nonwoven fabrics for separator of non-aqueous electrolyte batteries of Examples 24 and 25 contained 
glass fibers, they were superior in heat resistance. However, since the average fiber diameter was large, namely. 6 ^m. 
the thickness of the nonwoven fabric was uneven, and not only the battery processability such as rollability with elec- 
trodes was inferior, but when they were used as separators of non-aqueous electrolyte t^attery electrical resistance of 
the separators in width direction became non-uniform and the resulting non-aqueous electrolyte batteries were some- 

55 what inferior in battery characteristics and battery storage cheu-acteristics. Furthermore, the nonwoven fabrics had pin 
holes and when they were incorporated into batteries, internal-short circuit was caused and, sometimes, ignition 
resulted. 

Since the nonwoven fabric for separator of non-aqueous electrolyte batteries of Example 26 contained 95% of 
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micro-glass fibers, it was superior in heat resistance, kxjt low in strength, and therefore the nonwoven fabric was apt to 
break at the time of fabrication of battery to cause internal short-circuit and. sometimes, ignition occurred. 

Example 28 

80% of alumina fibers (SAFFIL RF manufactured k>y ICI Co., Ltd.) and 20% of p-aramid fibers at least a part of 
which were fibrillated to 1 ^m or less in ilber diameter (TYARA KY-400S manufactured by Daicel Kagaku K.K.) were 
mixed and dispersed in water to prepare a slurry. The resulting slurry was subjected to wet paper making process by a 
cylinder paper machine to make a nonwoven fabric of 30 gfrrP in basis weight and 95 \im in thickness for separator of 
non-aqueous electrolyte battery 

Components of the alumina fibers used In this Example were as follows: 

< Components of alumina f bers > 



AI203 


96% 


SiOa 


4% 



Example 29 

70% of alumina fibers used in Example 28 and 30% of polyethylene fibers at least a part of which were fibrillated 
to 1 (xm or less in fiber diameter (TYARA KY-420S manufactured by Daicel Ltd.) were mixed and dispersed in water to 
prepare a slurry. The resulting slurry was subjected to wet paper making process by a cylinder paper machine to make 
a nonwoven fabric of 25 g/m^ in basis weight and 85 ^m in thickness for separator of non-aqueous electrolyte battery. 
This nonwoven fabric had an R^ of 980 mV and an SRa of 5.8 ^m. 

Example 30 

50% of alumina fibers used in Exanpte 28 and 50% of polypropylene fibers at least a part of which were fibrillated 
to 1 nm or less in fiber diameter (TYARA KY-430S manufactured by Daicel Ltd.) were mixed and dispersed in water to 
prepare a slurry. The resulting slurry was subjected to wet paper making process by a cylinder paper machine to make 
a nonwoven fabric of 20 g/m^ in basis weight and 70 |im in thickness for separator of non-aqueous electrolyte battery 
This nonwoven fabric had an Rpy of 960 mV and an SRa of 5.7 \im. 

Exanple 31 

70% of alumina fibers used in Example 28, 20% of p-aramid fibers at least a part of which were fibrillated to 1 ^m 
or less In fiber diameter (TYARA KY-400S manutactured by Daicel Lid.) and 10% of vinylon fibers (VPB107-1 x3 manu- 
factured by Kuraray Co. , Ltd.) were mixed and dispersed in water to prepare a slurry. The resulting slurry was subjected 
to wet paper making process by a cylinder paper machine to make a nonwoven Wric of 30 g/m^ in basis weight and 
90 fim in thickness for separator of non-aqueous electrolyte battery 

Example 32 

75% of alumina silica fibers (S FIBER SC BULK 1400B manufactured by Shin-Nittetsu Chemical Co., Ltd.) and 25% 
of p-aramid fibers at least a part of which were fibrillated to 1 urn or less in fiber diameter (TYARA KY-400S manufac- 
tured by Daicel Ltd.) were mixed and dispersed in water to prepare a slun-y The slurry was subjected to wet paper mak- 
ing process by a cylinder paper machine to make a nonwoven fabric of 30 g/hf in basis weight and 90 pm in thk;kness 
for separator of non-aqueous electrolyte battery. 

Components of the alumina • silica fbers used in this Example were as follows: 
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< Components of alumina • silica fibers > 



AI203 


42.5% 


SI02 


55.0% 


CrgOa 


2.5% 



10 Example 33 

70% of alumina • silica f bars used in Example 32 and 30% of polyethylene fibers at least a part of which were f ibrll- 
lated to 1 |xm or less in fiber diameter (WARA KY-420S manufactured by Daicel Ltd.) were mixed and dispersed in 
water to prepare a slun'y. The resulting slurry was subjected to wet paper making process by a cylinder paper machine 
IS to make a nonwoven fabric of 25 g/rr? in basis weight and 85 iim in thickness for separator of non-aqueous electrolyte 
battery. 

Example 34 

20 80% of alumina • silica fibers used in Example 32 and 20% of polypropylene fibers at least a part of which were 
f ibrillated to 1 ^m or less in fiber diameter (TYARA KY-430S manufactured by Daicel Ltd.) were mixed and dispersed in 
water to prepare a slurry. The resulting slurry was subjected to wet paper making process by a cylinder paper machine 
to make a nonwoven fabric of 20 g/m^ In basis weight and 70 ^m in thickness for separator of non-aqueous electrolyte 
battery. 

25 

Example 35 

70% of alumina • silica fibers used in Example 32, 20% of polypropylene fibers at least a part of which were fibril- 
lated to 1 ^m or less in fiber diameter (TYARA KY-430S manufactured by Daicel Ltd.) and 10% of vinylon fbers 
30 (VPB1 07-1x3 manufactured by Kuraray Co., Ltd.) were mixed and dispersed in water to prepare a slurry. The resulting 
slurry was subjected to wet paper making process by a cylinder paper machine to make a nonwoven fabric of 20 g/m^ 
in basis weight and 70 \im in thickness for separator of non-aqueous electrolyte battery. 

Example 36 

35 

70% of rock wool (S FIBER FF manufactured by Shin-Nittetsu Chemical Co.. Ltd.) and 30% of polyethylene fibers 
at least a part of which were f ibrillated to 1 ^m or less in fiber diameter (TYARA KY-420S manufactured by Daicel Ltd.) 
were mixed and dispersed in water to prepare a slun^y. The resulting slurry was subjected to wet paper making process 
by a cylinder paper machine to make a nonwoven fabric of 30 g/m^ in basis weight and 100 ^m thick tor separator of 
40 non-aqueous electrolyte battery. 

Example 37 

70% of the rock wool used in Example 36 and 30% of p-aramid fibers at least a part of which were fibrillated to 1 
45 ^m or less in fiber diameter (TYARA KY-400S manufactured by Daicel Ltd.) were mixed and dispersed In water to pre- 
pare a sluny. The resulting slurry was subjected to wet paper making process by a cylinder paper machine to make a 
nonwoven fabric of 30 g/m^ in basis weight and 100 ^m thick for separator of non-aqueous electrolyte battery. 

Example 38 

50 

70% of the rock wool used In Example 36, 20% of polyethylene f toers at least a part of which were fibrillated to 1 
Jim or less in fiber diameter (TYARA KY-420S manufactured by Daicel Ltd.) and 10% of vinylon fibers {VPB107-1x3 
manufactured by Kuraray Co.. Ltd.) were mixed and dispersed in water to prepare a slurry. The resulting slurry was sub- 
jected to wet paper making process by a cylinder paper machine to make a nonwoven fabric of 30 g/m^ in basis weight 
55 and 95 ^m thick for separator of non-aqueous electrolyte battery. TTiis nonwoven fabric had an Rpy of 965 mV and an 
SRa of 5.7 Jim. 
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Exanrple39 

35% of the alumina fibers used In Example 28, 35% of the rock wool used in Example 36 and 30% of p-aramid f il> 
ers at least a part of which were fibriliated to 1 or less In fiber diameter (TYARA KY-4O0S manufactured by Daicel 
5 Ltd.) were mixed and dispersed in water to prepare a slurry. The resulting slurry was subjected to wet paper making 
process by a cylinder paper machine to make a nonwoven fabric of 30 g/hfi^ in k>asi8 weight and 95 \iSJ\ thick for sepa- 
rata of non-aqueous electrolyte battery. 

Example 40 

10 

1 00% of the alumina fibers used in Example 28 were dispersed in water to prepare a slury. and the slurry was sub- 
jected to wet paper making process by a cylinder paper machine. However, the resulting nonwoven fabric was consid- 
erably low in strength because the alumina fibers had no self-binding power. 

15 Exanrple 41 

100% of p-aramid fibers at least a part of which were fibriliated to 1 ^m or less in fiber diameter (TYARA KY-400S 
manufactured by Daicel Ltd.) were dispersed in water to prepare a slun'y. The resulting slurry was subjected to wet 
paper making process by a cylinder paper machine to make a nonwoven fabric of 30 g/m^ in basis weight and 100 ^m 
20 thick for separator of non-aqueous electrolyte battery. 

Example 42 

100% of polyethylene fibers at least a part of which were fibriliated to 1 ^m or less in fiber diameter (TYARA KY- 
25 420S manufactured by Daicel Ltd.) were dispersed in water to prepare a slurry The resulting slun-y was subjected to 
wet paper making process by a cylinder paper machine to make a nonwoven fabric of 30 g/m^ in basis weight and 100 
^m thick for separator of non-aqueous electrolyte battery. 

Example 43 

30 

70% of the alumina fibers used in Example 28 and 30% of core-sheath composite fibers comprising polypropylene 
and ethyl ene-vinyl alcohol copolymer (NBF-E manufactured by Daiwa Spinning Co.. Ltd.; 2 d x 5 mm in fiber length) as 
non-f ibrillated organic fibers were dispersed In water to prepare a slurry. The resulting slurry was subjected to wet paper 
making process by a cylinder paper machine to make a nonwoven fabric of 30 g/m^ in basis weight and 1 10 |im thick 
35 for separator of non-aqueous electrolyte battery. 

Example 44 

70% of the micro-glass fibers used in Example 3 (#108A manufactured by Shuller Co., Ltd.) and 30% of p-aramid 
40 fibers at least a part of which were fibriliated to 1 ^m or less in fiber diameter (TYARA KY-400S manufactured by Daicel 
Ltd.) were dispersed in water to prepare a slurry. Tlie resulting slun'y was subjected to wet paper making process by a 
cylinder paper machine to make a nonwoven f^ric of 30 g/m? in t)asis weight and 95 pro thick for separator of non- 
aqueous electroiyte battery. 

45 Example 45 

50% of the alumina fibers used in Example 28, 20% of the micro-glass fibers used in Example 3 and 30% of p-ara- 
mid fibers at least a part of which were fibriliated to 1 ^m or less in fiber diameter were mixed and dispersed in water to 
prepare a slurry. The resulting slurry was subjected to wet paper making process by a cylinder paper machine to make 
50 a nonwoven fabric of 30 g/m^ in basis weight and 95 ^m thick for separator of non-aqueous electrolyte battery. 

Example 46 

50% of the alumina fibers used in Example 28, 20% of micro-glass fibers having an average fiber diameter of 4 ^m 
55 and comprising 99.8% of silicon dioxide (Q-FIBER 1 12Q manufactured by Schuller Co., Ltd.) and 30% of polyethylene 
fibers at least a part of which were fibriliated to 1 ^m or less in fiber diameter (TYARA KY-420S manufactured by Daicel 
Ltd.) were mixed and dispersed in water to prepare a slun-y. The resulting slurry was subjected to wet paper making 
process by a cylinder paper machine to make a nonwoven fabric of 30 g/m^ in basis weight and 95 ^m thick for sepa- 
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rator of non-aqueous electrolyte battery. 
Example 47 

5 50% of the alumina fibers used in Example 28. 20% of the micro-glass fibers used in Example 4 and 30% of poly- 
ethylene fibers at least a part of which were f brillated to 1 ^m a less in fiber diameter (TYARA KY-420S manufactured 
by Daicel Ltd.) were dispersed In water to prepare a slurry. The resulting slurry was subjected to wet paper making proc- 
ess by a cylinder paper machine to make a nonwoven fabric of 30 g/m^ in basis weight and 95 fim thick for separator 
of non-aqueous electrolyte battery. This nonwoven fabric had an Rpy of 950 mV and an SRa of 5.7 pm. 

10 

Example 48 

50% of the alumina • silica fibers used in Example 32. 30% of micro-glass fibers having an average fiber diameter 
of 1 [im and comprising E glass (E-FIBER 108E manufactured by Schuller Co., Ltd.) and 20% of polypropylene fibers 
IS at least a part of which were f brillated to 1 ^m or less in fiber diameter (TYARA KY-430S manufactured by Daicel Ltd.) 
were dispersed in water to prepare a slurry. The resulting slurry was subjected to wet paper making process by a cylin- 
der paper machine to make a nonwoven fabric of 25 g/m^ in basis weight and 80 ^m thick for separator of non-aqueous 
electrolyte battery. This nonwoven fabric had an Rpy of 950 mV and an SRa of 5.7 ^m. 

The components of the micro-glass fibers used in this Example were as follows: 

20 

{ Components of the micro-glass fibers) 



SiOa 


54.4% 


CaO 


17.4% 


AI2O3 


14.1% 


B2O3 


8.0% 


MgO 


47% 


TIO2 


0.5% 


NasO 


0.4% 


FeaOa 


0.3% 



Example 49 

70% of the micro-glass fibers used in Example 3 and 30% of p-aramid f toers at least a part of which were f ibrillated 
40 to 1 \itr\ or less in fiber diameter (TYARA KY-400S manufactured by Daicel Ltd.) were dispersed in water to prepare a 
slurry. The resulting slurry was subjected to wet paper making process by a cylinder paper machine to make a nonwo- 
ven fabric of 30 g/m^ in basis weight and 100 \im thick for separator of non-aqueous electrolyte battery. 

Example 50 

45 

80% of the alumina fibers used in Example 28 and 20% of p-aramid fibers at least a part of which were f ibrillated 
to 1 \itn or less in fiber diameter (TYARA KY-400S manufactured by Daicel Ltd.) were dispersed in water to prepare a 
slurry. The resulting slun-y was subjected to wet paper making process by a cylinder paper machine to make a nonwo- 
ven fabric of 30 g/rn^ in basis weight and 95 ^m thick for separator of non-aqueous electrolyte battery. 

so 

Exanple 51 

50% of the alumina fibers used in Example 28 and 50% of the micro-glass fibers used in Example 4 were dispersed 
in water to prepare a sluny. The resulting sluny was subjected to wet paper making process by a cylinder paper 
55 machine, but the resulting nonwoven fabric was considerably low in strength because the alumina fibers and the micro- 
glass fibers had no self-binding power. 
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Table 4 



5 




Battery process- 
ability 


Battery character- 
istics 


Battery storage 
characteristics 


Heat resistance 
(°C) 


Pin holes 


Ignition 




Example 28 


O 


O 


O 


500< 


No 


o 




Example 29 


O 


O 


O 


500< 


No 


o 


10 


Example 30 


O 


O 


O 


500< 


No 


o 


r— 1 _ 

Example 31 


o 


O 


O 


500< 


No 


o 




Example 32 


o 


O 


O 


500< 


No 


o 




example oo 


o 


o 


o 


500< 


No 


o 


IS 


Example 34 


o 


o 


o 


500< 


No 


o 




Example 35 


o 


o 


o 


500< 


No 


o 




Example 36 


o 


o 


o 


500< 


No 


o 


20 


Example 37 


o 


o 


o 


500< 


No 


0 


Example 38 


o 


o 


o 


500< 


No 


o 




Example 39 


o 


o 


o 


500< 


No 


o 




Example 40 


X 






500< 


Formed 




25 


Example 41 


X 


A 


o 


300 


No 


X 




Example 23 


V 

A 


A 


o 


120 


No 


X 




Example 43 


A 


A 


o 


500< 


Formed 


X 


30 


Example 44 


o 


o 


A 


500< 


No 


o 




cxampie to 


u 


u 


A 


OuU< 
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Example 46 


A 


A 


o 


500< 


No 


o 




Example 47 


o 


o 


o 


500< 


No 


o 


35 


Example 48 


o 


o 


o 


500< 


No 


o 




Example 49 


o 


o 


A 


500< 


No 


o 




Example 50 


o 


o 


o 


500< 


No 


o 


40 


Example 51 


X 






500< 


Formed 





Evaluation: 



The nonwoven fabrics for separator of non-aqueous electrolyte batteries of Examples 28-39 and 45-50 were supe- 
45 rior in battery processability such as reliability with electrodes, and non-aqueous electrolyte k>atteries superior in battery 
characteristics and battery storage characteristics could be made. Since the nonwoven fabrics contained inorganic fib- 
ers, they were excellent in heat resistance and did not shrink or burn owing to melting of the fibers even when battery 
temperature rose due to external short-circuit. Thus, ignition of batteries could be inhibited. Furthermore, since the non- 
woven fabrics contained organic fibers at least a part of which werefibrillated to 1 or less in fiber diameter, there 
so were no pin holes wtiich cause internal short-circuit. The nonwoven fabric of Example 46 contained glass fibers having 
a large f ber diameter and, therefore, the thickness was somewhat uneven and battery processability and battery char- 
acteristics were somewhat inferior. 

On the other hand, the nonwoven fabric for separator of non-aqueous electrolyte batteries of Example 40 was com- 
posed of only alumina fibers having no self-binding power and. therefore, strength of the nonwoven fabric was very low 
55 to cause breakage at the time of fabrication of batteries. Thus, battery processability was inferior and non-aqueous 
electrolyte batteries coukJ not be stably produced. 

The nonwoven fabric for separator of non-aqueous electrolyte batteries of Example 41 was composed of only p- 
aramid fibers at least a part of which were fibrillated to 1 fim or less in fiber diameter and, therefore, there were no pin 
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holes and the fabric was superior in heat resistance, but very low in mechanical strength. Thus, the nonwoven labric 
was readily broken and inferior in battery processabillty. and the resulting non*aqueou8 electrolyte batteries were some- 
what inferior in battery characteristics and the batteries resulted in internal short-circuit and sometimes ignition 
occurred. Since the nonwoven fabric for separator of non-aqueous electrolyte batteries of Example 42 was conposed 

5 of only polyethylene fibers at least a part of which were fibril lated to 1 ^m or less in fiber diameter, there were no pin 
holes, but the fabric was low in heat resistance and very low in strength. Therefore, the nonwoven fabric was readily 
broken and the resulting non-aqueous electrolyte batteries made using the nonwoven fabric resulted in internal short- 
circuit and sometimes ignition occurred. 

Since the nonwoven fabric for separator of non-aqueous electrolyte batteries of Example 43 contained 70% of alu- 

10 mine fibers, it was superior in heat resistance, but since it did not contain organic fibers at least a part of which were 
f ibrillated to 1 ^m or less in fiber diameter, there were pin holes and the non-aqueous electrolyte batteries made using 
the nonwoven ^brics were somewhat inferior in battery characteristics and battery storage characteristics. Further- 
more, the batteries resulted in internal short-circuit and sometimes ignition occurred. 

Since the nonwoven fabrics for separator of non-aqueous electrolyte batteries of Examples 44. 45 and 49 con- 

IS tained micro-glass fibers, they were superior in heat resistance. However, since the micro-glass fibers contained 
sodium oxide, non-aqueous electrolyte batteries made using the nonwoven fabrics were somewhat inferior in battery 
storage characteristics. 

Since the nonwoven fabric for separator of non-aqueous electrolyte t}atteries of Example 51 was composed of alu- 
mina fibers and micro-glass fibers having no self-binding power, it was very low in strength and troubles such as break- 
20 age often occun-ed at the time of fabrication of batteries. Thus, non-aqueous electrolyte batteries cannot be stably 
made. 

Example 52 

25 85% of the micro-glass fbers used in Example 48 (E-FIBER, 108E manufactured by Schuller Co., Ltd.) and 15% 
of NBF-H (manufiactured by Daiwa Spinning Co.. Ltd.; 0.7 d x 5 mm in fiber length) as a fibrous binder were dispersed 
in water to prepare a slurry The resulting slurry was subjected to wet paper making process by a cylinder paper 
machine to make a nonwoven fabric of 1 5 g/m^ in basis weight and 50 ^m thick for separator of non-aqueous electrolyte 
battery. 

30 

Example 53 

A nonwoven fabric for separator of non-aqueous electrolyte battery was ot>tained in the same manner as in Exam- 
ple 52, except that amount of the micro-glass fibers was 70% and that of the fibrous binder was 30%. 

35 

Example 54 

A nonwoven fabric for separator of non-aqueous electrolyte battery was obtained in the same manner as in Exam- 
ple 52, except that amount of the micro-glass f a>ers was 50% and that of the fibrous binder was 50%. 

40 

Example 55 

A nonwoven fabric for separator of non-aqueous electrolyte battery was obtained in the same manner as in Exam- 
ple 52, except that amount of the micro-glass fibers was 15% and that of the fibrous binder was 85%. 

45 

Example 56 

70% of micro-glass fibers having an average fiber diameter of 1 .0 ^m and 30% of NBF-H (manufactured by Daiwa 
Spinning Co., Ltd.; 0.7 d x 5 mm in fiber length) as a fibrous binder were dispersed in water to prepare a slurry The 
so resulting slurry was subjected to wet paper making process by a cylinder paper machine to make a nonwoven fabric of 
15 Qfrr? in basis weight and 50 iim thick for separator of non-aqueous electrolyte battery 

Components of the micro-glass fibers used in this Example were shown below. They did not contain Na20. 
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( Components of the micro^lass fibers ) 



s 



Si02 


54.4 ± 0.5 


AI2O3 


14.9 ±0.4 


CaO 


16,6 ±0.3 


MgO 


4.6 ±0.3 


B2O5 


8.5 ±0.3 


FeaOa 


<0.5 



Example 57 

IS 

85% of the micro-glass fibers having an average fiber diameter of 0.5 ^m and having the same composition as used 
in Example 48 (E-FIBER, 104E manufactured by Schuller Co., lid.) and 1S% of NBF-H (manufactured by Daiwa Spin- 
ning Co.. Ltd.; 0.7 d X 5 mm in fiber length) as a fibrous binder were dispersed in water to prepare a slurry. The resulting 
slurry was subjected to wet paper making process by a cylinder paper machine to make a nonwoven fabric of 20 g/m^ 
20 in basis weight and 70 ym thick for separator of non-aqueous electrolyte battery. This nonwoven fabric was subjected 
to a hot calender treatment at 140''C to adjust the thickness to 40 ^m. 

Example 58 

25 A slurry having the same components as in Example 57 was prepared and subjected to wet paper making process 
by a cylinder paper machine to make a nonwoven fabric of 20 g/m^ in basis weight and 70 ^m thick for separator of non- 
aqueous electrolyte battery. This nonwoven fabric was subjected to a super calender treatment at 25*'C to adjust the 
thickness to 50 ^m. Some dents were formed on the surface. 

30 Example 59 

70% of the micro-glass fibers used in Example 48 and 30% of polyester fibers (4080 manufactured by Unitika Ltd.; 
2 d X 5 mm in fiber length) as a fibrous binder were dispersed in water to prepare a slurry. The resulting slurry was sub- 
jected to wet paper making process by a cylinder paper machine to make a nonwoven fabric of 20 g/m^ in basis weight 
35 and 70 (im thick for separator of non-aqueous electrolyte battery. This nonwoven fabric was subjected to hot calender 
treatment at 120''C to adjust the thickness to 40 ^m. 

Example 60 

40 A nonwoven fabric for separator of non-aqueous electrolyte battery was nriade in the same manner as in Example 
53. except that the average fiber diameter of the micro-glass fibers was 4 ^im. 

Example 61 

45 80% of the micro-glass fibers having an average fiber diameter of 2.7 ^m and comprising 99.8% of silicon dioxide 
(Q-FIBER 11 OQ manufactured by Schuller Co.. Ltd.) and 20% of NBF-H (manufactured by Daiwa Spinning Co.. Ltd.; 
0.7 d X 5 mm in fiber length) as a fibrous binder were dispersed in water to prepare a slun'y. The resulting slurry was 
subjected to wet paper making process by a cylinder paper machine to make a norrwoven fabric of 20 g/m^ in basis 
weight and 70 ^m thick for separator of non-aqueous electrolyte battery. 

50 

Example 62 

70% of the micro-glass fibers used in Example 4 and 30% of NBF-H (manufactured by Daiwa Spinning Co.. Ltd.; 
0.7 d X 5 mm in fiber length) as a fibrous binder were dispersed in water to prepare a slun-y. The resulting slurry was 
55 subjected to wet paper making process by a cylinder paper machine to make a nonwoven fabric of 20 g/m^ in basis 
weight and 70 ^m thick for separator of non-aqueous electrolyte battery. 
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Exanple63 

1 00% of the micro-glass f bers used In Example 52 were dispersed in water to prepare a slurry. The resulting slurry 
was subjected to wet paper making process by a cylinder paper machine to make a nonwoven fabric for separator of 
5 non-aqueous electrolyte battery, but the nonwoven febric was very low In strength because it dki not contain the fbrous 
binder. 

Example 64 

10 85% of micro-glass fibers having an average fber diameter of 1.8 fim (108B manufactured by Schuller Co.» Ltd.) 
and 15% of NBF-H (manufactured by Daiwa Spinning Co., Ltd.; 0.7 d x 5 mm in f ber length) as a fibrous binder were 
dispersed in water to prepare a slunry. The resulting slun^y was subjected to wet paper making process by a cylinder 
paper machine to make a nonwoven fabric of 20 g/m^ In basis weight and 60 fxm thick for separator of non-aqueous 
electrolyte battery 

IS Components of the micro-glass fibers used in this Example were as fbltows. 
( Components of the micro-glass fibers > 



20 


Si02 


58.55 




B2O5 


10.5 




NagO 


10.1 


25 


AI2O3 


5.8 




BaO 


5.0 




ZnO 


4.0 




K2O 


3.2 


30 


CaO 


1.9 




F2 


0.6 




MgO 


0.3 


35 


FegOs 


0.04 




T1O2 


0.01 



Example 65 

40 

85% of micro-glass fibers having an average fiber diameter of 0.65 (#106 manu^ctured by Schuller Co., Ltd.) 
and 15% of NBF-H (manufactured by Daiwa Spinning Co., Ltd.; 0.7 d x 5 mm in fber length) as a fibrous binder were 
dispersed in water to prepare a slurry The resulting slurry was subjected to wet paper making process by a cylinder 
paper machine to make a nonwoven fabric of 20 g/im^ in basis weight and 70 ftm thick for separator of non-aqueous 
45 electrolyte battery. 

Components of the micro-glass fibers used in this Example were as follows. 
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< Components of the micro-glass fibers ) 





65.21 


Kin /*\ 


^ C TO 

lO.To 


uau 






5.20 


AI2O3 


3.56 


MgO 


2.69 


F2 


0.83 


K2O 


0.81 


SO3 


0.19 


Fe203 


0.059 
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Tables 





Battery processabll- 
ity 


Battery characteris- 
tics 


Battery storage 
characteristics 


Heat resistance {"C) 


Ignition 


Example 52 




A 


0 


500< 
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Example 53 
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0 
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Example 54 
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0 


0 


500< 


0 


Example 55 


0 


0 


0 


250 




Example 56 


0 


0 


0 


500< 


0 


Example 57 


0 


0 


0 


500< 


0 


Example 58 


A 


A 


0 


500< 


0 


Example 59 


0 


0 


0 


500< 


0 


Example 60 


X 


A 


0 


500< 


0 


Example 61 




0 


0 


500< 


0 


Example 62 


0 


0 




500< 


0 


Example 63 








500< 




Example 64 




A 


A 


500< 


0 


Example 65 




A 


A 


500< 


0 



Evaluation: 

As can be seen from the results of Table 5, the nonwoven fabrics for separator of non-aqueous electrolyte batteries 
50 of Examples 52-62 according to the present invention were superior in battery processability such as roilability with 
electrodes, and non-aqueous electrolyte batteries superior in battery characteristics and battery storage characteristics 
could be made. Since the nonwoven fabrics contained micro-glass f bers, they were excellent in heat resistance and did 
not shrink or burn owing to melting of the f bers e^en when battery temperature rose due to external short-circuit. Thus, 
ignition of batteries could be inhibited. Furthermore, since the nonwoven fabrics contained micro-glass fibers containing 
55 no sodium oxide or the like which hinders battery reaction, battery storage characteristics were very good. The nonwo- 
ven fabrics of Examples 52 and 58 contained 85% of micro-glass fibers and, therefore, strength was low and they were 
readily broken at the time of fabrication of batteries, and battery processability and battery characteristics were some- 
what inferior. In Exanple 60, the fiber diameter of micro-glass fibers was great and, therefore, thickness of the nonwo- 
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ven fabric was somewhat uneven, and battery processability and t)attery characteristics were somewhat inferior. 

The nonwoven fabrics of Examples 57 and 59 si^jected to hot calender treatment were superior in processability. 

For the nonwoven fabrics of Examples 61 and 62, the fabric containing the micro-glass fitters of the smaller diam- 
eter was superior in processability. 
5 On the other hand, since the nonwoven fabric of Example 63 was composed of only the micro-glass fibers having 
no self-binding power, strength was very low to often cause the trouk>le of breakage at the time of fabrication of batter- 
ies, and non-aqueous electrolyte batteries could not be stably produced. 

In the nonwoven fabrics for separator of non-aqueous electrolyte batteries of Examples 64 and 65, since amount 
of sodium oxide contained in the glass fibers was larger, namely. 1 0. 1% and 1 5.73%. than in the micro-glass fibers com- 
10 prising E-glass or silica glass, the sodium ion was replaced with lithium ion during the long-term storage and battery 
storage characteristics were somewhat inferior. 

Example 66 

IS 50% of the miao-glass fbers used in Example 52 (E-FIBER 108E manufactured by Schuller Co.. Ltd.) and 50% of 
polypropylene fibers at least a part of which were f ibrillated to 1 ^m or less in fiber diameter (TYARA KY-430S manu- 
factured by Daicel Ltd.) were dispersed in water to prepare a sluny. The slurry was subjected to wet paper making proc- 
ess by a cylinder paper machine to make a nonwoven fabric of 20 g/m? in basis weight and 70 )im thick for separator 
of non-aqueous electrolyte battery. 

20 

Example 67 

60% of the micro-glass fibers used in Example 52 and 40% of polyethylene fibers at least a part of which were f ibril- 
lated to 1 ^m or less in fiber diameter (TYARA KY420S manufactured by Daicel Ltd.) were mixed and dispersed in 
25 water to prepare a slunry The sluny was subjected to wet paper making process by a cylinder paper machine to make 
a nonwoven fabric of 30 g/m^ in basis weight and 110 |im thick for separator of non-aqueous electrolyte battery. Then, 
the nonwoven fabric was subjected to hot calender treatment at 120*^0 to adjust the thicknes to 50 ^m. 

Example 68 

30 

40% of the micro-glass fibers having an average fiber diameter of 1 \im used in Example 52 and 60% of p-aramid 
fibers at least a part of which were f ibrillated to 1 ^m or less In fiber diameter (TYARA KY-400S manufactured by Daicel 
Ltd.) were dispersed in water to prepare a slurry. The slurry was subjected to wet paper making process by a cylinder 
paper machine to make a nonwoven fabric of 30 g/m^ in basis weight and 1 10 m^yi thick for separator of non-aqueous 
35 electrolyte battery. Then, the nonwoven fabric was subjected to a calender treatment at 25*^0 to adjust the thicknes to 
60 ^im. 

Example 69 

40 60% of the micro-glass fibers used In Example 56 and 40% of p-aramid fibers at least a part of which were f ibril- 
lated to 1 ^m or less In fiber diameter (TYARA KY-400S manufactured by Daicel Ltd.) were dispersed in water to pre- 
pare a slurry. The slurry was subjected to wet paper making process by a cylinder paper machine to make a nonwoven 
fabric of 20 g/m^ in basis weight and 80 fxm thick for separator of non-aqueous electrolyte battery. 

45 Example 70 

60% of the micro-glass fibers having an average fiber diameter of 2.7 fxm and comprising 99.8% of silicon dioxide 
(Q-FIBER, 110Q manufactured by Schuller Co., Ltd.) and 40% of polypropylene fibers at least a part of which were 
fibrillated to 1 fim or less In fiber diameter (TYARA KY-430S manufactured by Daicel Ltd.) were dispersed in water to 
50 prepare a slurry The slurry was subjected to wet paper making process by a cylinder paper machine to make a nonwo- 
ven fabric of 20 g/hn^ in basis weight and 80 ^im thk:k for separator of non-aqueous ^ectrolyte battery. TTien, this non- 
woven fabric was subjected to a hot calender treatment at ISO^'C to adjust the thickness to 30 ^m. 

Example 71 

55 

70% Of the micro-glass fibers used in Example 4 and 30% of p-aramid fibers at least a part of which were fibrillated 
\o^ \smoT less in fiber diameter (TYARA KY-400S manufactured by Daicel Ltd.) were dispersed in water to prepare a 
slurry. The slurry was subjected to wet paper making process by a cylinder paper machine to make a nonwoven fabric 
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of 20 g/m^ in basis weight and 80 )iin thick for separator of non-aqueous electrolyte battery. Then, the nonwoven fabric 
was sut)jected to a calender treatment at 25*^0 to adjust the thicknes to 30 fim. The nonwoven fabric had dents on the 
surface. 

5 Exanple72 

A nonwoven fabric for separator of non-aqueous electrolyte battery was produced in the same manner as in Exam- 
ple 71, except that the average fter diameter of the micro-glass fbers was 4 fim. The resulting nonwoven fabric had 
dents on the surface. 

10 

Example 73 

70% of the micro-glass fibers used in Example 64 (108B manufactured by Schuller Co.. Ltd.) and 30% of p-aramid 
fibers at least a part of which were f ibrillated to 1 ^m or less in fiber diameter (TYAR A KY-400S manufactured by Daicet 
15 Ltd.) were dispersed in water to prepare a slunry. The slurry was subjected to wet paper making process by a cylinder 
paper machine to make a nonwoven fabric of 20 gAn^ in basis weight and 70 ^m thick for separator of non-aqueous 
electrolyte battery. 

Exanple 74 

20 

70% of the micro-glass fibers used in Example 65 and 30% of p-aramid fibers at least a part of which were f ibril- 
lated to 1 ^m or less In fiber diameter (TYARA KY-400S manufactured by Daicel Ltd.) were dispersed in water to pre- 
pare a slurry. The slurry was subjected to wet paper making process k>y a cylinder paper machine to make a nonwoven 
fabric of 20 g/rn^ in basis weight and 70 ^m thick for separator of non-aqueous electrolyte battery. 

25 

Example 75 

90% Of polypropylene fibers (Pz manufactured by Daiwa Spinning Co., Ltd.; 2 d x 10 mm in fiber length) and 10% 
of vinylon fibers (VPB1 07-1x3 manufactured by Kuraray Co.. Ltd.) were dispersed in water to prepare a slurry. The 
30 slurry wa^ subjected to wet paper making process by a cylinder paper machine to make a nonwoven fabric of 30 g/m^ 
in basis weight and 130 jim thick for separator of non-aqueous electrolyte battery. Then, the nonwoven fabric was sub- 
jected to a calender treatment at 25''C to adjust the thickness to 60 ^m. 
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Evaluation: 

55 

As can be seen from the results of Table 6, the nonwoven febrics for separator of non-aqueous electrolyte batteries 
of Examples 66-72 aocorcfing to the present Invention were superior in battery processabllity such as rollability with 
electrodes, and non-aqueous electrolyte batteries superior in battery characteristics and battery storage characteristics 
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could be obtained. Furthermore, since the nonwoven labrics contained micro-glass fibers, they were excellent in heat 
resistance and did not shrink or burn owing to melting of the fibers even when battery temperature rose due to external 
short-circuit. Thus, Ignition of batteries could be inhibited. Furthermore, since the micro-glass fibers contained no 
sodium oxide which hinders the battery reaction, partiojlarly. battery storage characteristics were superior. The nonwo- 

5 ven fabrics contained organic f toers at least a part of which were f ibriltated to 1 ^m or less in fiber diameter and, there- 
fore, there were no pin holes which cause internal short-circuit 

In Examples 70-72, the nonwoven fabric of Example 70 was uniform in thickness due to the hot calender treatment, 
and, hence, battery processabllity was superior. In Exampes 71 and 72, the nonwoven fabrics were subjected to a nor- 
mal calender treatment, and hence the battery processabllity was somewhat Inferior Irrespective of the fiber diameter. 

10 In the nonwoven fabrics for separator of non-aqueous electrolyte batteries of Examples 73 and 74, since amount 
of sodium oxide contained In the glass fibers was larger, namely, 10.1% and 15.73%, than in the micro-glass fibers com- 
prising E-glass or silica glass, the sodium ion was replaced with lithium ion during the long-term storage, and battery 
storage characteristics were somewhat Inferior. 

The nonwoven fabric of Example 75 did not contain micro-glass fibers and organic fibers at least a part of which 

IS were f Ibrillated to 1 ^m or less In fiber diameter and, therefore, it was inferior in heat resistance and had pin holes. Thus, 
non-aqueous electrolyte batteries made using this nonwoven fabric sometimes got to ignition. 

Exantple 76 

20 50% of potassium titanate whiskers (manufactured by Otsuka Chemical Co., Ltd.) and 50% of p-aramid fibers at 
least a part of which were fibrillated to 1 ^m or less in fiber diameter (TYARA KY-400S manufactured by Daicel Ltd.) 
were dispersed In water and an aqueous aluminum sulfate solution was added thereto to prepare a slurry. The slurry 
was subjected to wet paper making process by a cylinder paper machine to make a nonwoven fabric of 20 g/m^ in basis 
weight and 50 pm thick for separator of non-aqueous electrolyte battery. 

25 

Example 77 

50% of aluminum borate whiskers (manufactured by Shikoku Kasei Kbgyo Co., Ltd.) and 50% of p-aramid fibers at 
least a part of which were fibrillated to 1 ^m or less in fiber diameter (TYARA KY-400S manufactured tsy Daicel Ltd.) 
30 were dispersed in water and an aqueous aluminum sulfate solution was added thereto to prepare a slurry. The slurry 
was subjected to wet paper making process by a cylinder paper machine to make a nonwoven fabric of 20 g/m^ in basis 
weight and 50 fini thick for separator of non-aqueous electrolyte battery. 

Example 78 

35 

50% of potassium titanate whiskers (manufactured by Otsuka Chemical Co., Ltd.) and 50% of polypropylene fibers 
at least a part of which were fibrillated to 1 fim or less in fiber diameter (TYARA KY-430S manufactured by Daicel Ltd.) 
were dispersed In water and an aqueous aluminum sulfate solution was added thereto to prepare a slurry. The slurry 
was subjected to wet paper making process by a cylinder paper machine to make a nonwoven fabric of 20 g/m^ in basis 
40 weight and 50 ^m thick for separator of non-aqueous electrolyte battery 

Example 79 

50% of potassium titanate whiskers (manufactured by Otsuka Chemical Co., Ltd.) and 50% of polyethylene fibers 
45 at least a part of which were fibrillated to 1 ^m or less in fiber diameter (TYARA KY-420S manufactured by Daicel Ltd.) 
were dispersed in water and an aqueous aluminum sulfate solution was added thereto to prepare a siun-y. The slurry 
was subjected to wet paper making process by a cylinder paper machine to make a nonwoven fabric of 20 gftr? in basis 
weight and 50 miti thick for separator of non-aqueous electrolyte battery. 

50 Example 80 

45% of potassium titanate whiskers (manufactured by Otsuka Chemical Co.. Ltd.) and 45% of p-aramId fibers at 
least a part of which were fibrillated to 1 nm or less in fiber diameter (TYARA KY-400S manufactured by Daicel Ltd.) 
were dispersed in water and an aqueous aluminum sulfate solution was added thereto to prepare a slurry. Furthermore. 
55 1 0% of vinylon fibers (VPB1 07 nrtanufactured by Kuraray Co., Ud.) as a f brous binder was added to re-prepare a slurry. 
The slurry was subjected to wet paper making process by a cylinder paper machine to make a nonwoven fabric of 20 
g/m^ in t^sis weight and 60 ^m thick for separator of non-aqueous electrolyte battery. 
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Example 81 

40% of potassium titanate whiskers (manufactured by Otsuka Chemical Co.. Ltd.) and 40% of p-aramid fibers at 
least a part of which were fbrillated to 1 jun or less in fiber diameter (TYARA KY-400S manufactured by Daicel Ltd.) 
5 were dispersed in water and an aqueous aluminum sulfate solution was added thereto to prepare a slurry. Furthermore, 
20% of heat melting binder fibers (NBF-H manufactured by Daiwa Spinning Co., Ltd.) as a fibrous binder was added to 
re-prepare a slurry. The resulting slurry was subjected to wet paper making process by a cylinder paper machine to 
make a nonwoven fabric of 20 g^i^ in basis weight and 60 \in\ thick for separator of non-aqueous electrolyte battery. 

10 Exanple 82 

A nonwoven fabric of 20 g/rr? In basis weight and 50 ^m thick for separator of non-aqueous electrolyte battery was 
made in the same manner as in Example 80, except that amount of the potassium titanate whiskers was 30%, amount 
of the fibrillated p-aramid fbers was 60% and amount of the vinyton fibers was 10%. 

IS 

Example 83 

A nonwoven fabric of 20 g/m^ in basis weight and 50 ^m thick for separator of non-aqueous electrolyte battery was 
made in the same manner as in Example 80, except that amount of the potassium titanate whiskers was 30%. amount 
20 of the fibrillated p-aramid fibers was 50% and amount of the vinyton fibers was 20%. 

Example 84 

A nonwoven fabric of 20 Q/rr? in basis weight and 50 ^m thick for separator of non-aqueous electrolyte battery was 
25 made in the same manner as in Example 81 , except that amount of the potassium titanate whiskers was 80% and 
amount of the fibrillated p-aramid fibers was 20%. 

Example 85 

30 A nonwoven fabric of 20 gfrr? in basis weight and 50 ^m thick for separator of non>aqueous electrolyte battery was 
made in the same manner as in Example 80, except that amount of the potassium titanate whiskers was 80%, amount 
of the fibrillated p-aramid fibers was 2% and amount of the vinylon fibers was 18%. 

Example 86 

35 

A nonwoven fabric of 20 g/m^ in basis weight and 50 ^m thick for separator of non-aqueous electrolyte battery was 
made in the same manner as in Example 76, except that amount of the potassium titanate whiskers was 25% and 
anx)unt of the fibrillated p-aramid fibers was 75%. 

40 Example 87 

A nonwoven fabric of 20 g/rr? in basis weight and 45 [ivn thick for separator of non-aqueous electrolyte battery was 
made in the same manner as in Example 76. except that amount of the potassium titanate whiskers was 90% and 
amount of the fibrillated p-polyamide fibers was 10%. 

45 

Example 88 

100% of potassium titanate whiskers were dispersed in water and aluminum sulfate was added thereto to prepare 
an agglomerate slurry. The slurry was subjected to wet paper making process by a cylinder paper machine, but most of 
50 the whiskers passed through the net and it was very difficult to form the slurry a sheet. Moreover, strength of wet web 
at the stage of web formation was also weak and formation of sheet was difficult. The resulting nonwoven fabric had no 
binding power and was fragile. 

ExarTple89 

55 

A slurry comprising 50% of fibrillated p-aramid fibers, 40% of NBF-H (manufactured by Daiwa Spinning Co., Ltd.; 
0.7d X 5 mm In fiber length) and 10% of vinylon fibers (VPB107-1x3 manu^ctured by Kuraray Co.. Ltd.) was prepared, 
and the slurry was subjected to wet paper making process by a cylinder paper machine to make a nonwoven fabric of 
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20 g/m^ in basis weight and 70 thick for separator of non-aqueous electrolyte battery. 
Example 90 

5 50% of potassium titanate whiskers were dispersed in water and aluminum sul^e was added thereto to prepare 
an agglomerate slurry Thereto were added 40% of NBF-H (manufactured by Daiwa Spinning Co.. Ltd. ; 0.7 d x 5 mm in 
fiber length) and 10% of vinylon fibers (VPB107-Ix3 manufactured by Kuraray Co.. Ltd.) to prepare a slurry. The slurry 
was subjected to wet paper making process by a cylinder paper machine to make a nonwoven fabric of 20 g/m^ in basis 
weight and 70 ^m thick for separator of non-aqueous electrolyte battery 

10 

Example 91 

50% of the micro-glass fibers used in Example 73 (108B manufactured by Schuller Co., Ltd.) and 50% of fibrillated 
p-aramid f bers were dispersed in water to prepare a slurry. The slurry was subjected to wet paper making process by 
15 a cylinder paper machine to make a nonwoven fabric of 20 g/rr? in basis weight and 60 ^m thick for separator of non- 
aqueous electrolyte battery 



Table 7 



20 




Battery process- 
ability 


Battery character- 
istics 


Battery storage 
characteristics 


Heat resistance 

rc) 


Pin holes 


Ignition 




Example 76 


O 


O 


O 


500< 


No 


O 


25 


Exanple 77 


O 


o 


O 


500< 


No 


o 


Example 78 


O 


o 


O 


500< 


No 


o 




Example 79 


o 


o 


O 


500< 


No 


o 




Example 80 


o 


o 


O 


500< 


No 


0 


30 


Example 81 


o 


o 


O 


500< 


No 


o 




Example 82 


o 


o 


O 


450 


No 


o 




Example 83 


o 


o 


O 


400 


No 


0 


35 


Example 84 


o 


o 


O 


500< 


No 


o 


Example 85 


o 


o 


O 


500< 


No 


o 




Exanple 86 


o 


o 


O 


350 


No 


o 




Example 87 






O 


500< 


No 


o 


40 


Example 88 


X 








Formed 






Exanple 89 


o 


o 


O 


200 


No 


o 




Example 90 


A 


A 


0 


500 


Formed 


X 


45 


Example 91 


o 


o 


A 


500< 


No 


o 



Evaluation: 

As can be seen from the results of Table 7, the nonwoven fabrics for separator of non-aqueous electrolyte battery 
50 which were prepared in Examples 76-87. 89 and 91 according to the present invention were superior in battery proc- 
essabilrty such as rollabilrty with electrodes, and non-aqueous electrolyte batteries superior in battery characteristics 
and battery storage characteristics could t>e made. Furthermore, since the nonwoven fabrics contained organic fibers 
at least a part of which were fibrillated to 1 ^m or less in fiber diameter, there were formed no pin holes which cause 
internal short-circuit. Since the nonwoven fabrics of Examples 76-87 contained whiskers and the nonwoven fabric of 
55 Example 89 contained p-aramid f bars, they were excellent in heat resistance and did not shrink or burn owing to melt- 
ing of the fibers even when battery temperature rose due to external short-circuit. Thus, ignition of batteries could be 
inhibited. The nonwoven fabric of Example 87 had a whisker content of 90%, and it was low in strength and somewhat 
inferior in battery processability and battery characteristics. 
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On the other hand, the nonwoven febric of Example 88 was composed of only the whiskers having no self-binding 
power, and therefore It was very low In strength and was fragile. Thus, processing to battery was impossible. Accord- 
ingly, non-aqueous electrolyte batteries could not be made using the nonwoven fabric. 

Since the nonwoven fabric of Exanple 90 contained micro-glass fibers, it was superior in heat resistance, but there 
5 were formed pin holes, and internal short-circuit occurred in the non-aqueous electrolyte batteries made using this non- 
woven fabric and this sometimes led to ignition. 

Since the nonwoven fabric of Example 91 contained micro-glass fibers, it was superior in heat resistance, but 
because the micro-glass fibers contained sodium oxide w^ich hinders the battery reaction, the sodium ion was replaced 
with lithium ion during storage and non-aqueous electrolyte batteries made using this nonwoven fabric were somewhat 
10 inferior in battery storage characteristics. 

Example 92 

70% of p-aramid fibers at least a part of which were ftorillated to 1 nm or less in fiber diameter (TYARA KY-400S 
15 manufactured by Daicel Ltd.) and 30% of core-sheath composite fibers comprising polypropylene and polyethylene 
(NBF-H manufactured by Daiwa Spinning Co.. Ltd.; 2 d x 5 mm in fiber length) as other fibers were dispersed in water 
to prepare a slurry. The slurry was subjected to wet paper making process by a cylinder paper machine to make a non- 
woven fabric of 30 g/m^ in basis weight for separator of non-aqueous electrolyte battery. Tben. this nonwoven fabric 
was subjected to a hot calender treatment at 1 30^*0 to adjust the thickness to 1 25 ^m. This nonwoven fabric had no pin 
20 holes. 

Example 93 

30% of polypropylene fibers at least a part of which were f ibrillated to 1 ^m or less in fiber diameter (TYARA KY- 
25 430S manufactured by Daicel Ltd.) and 30% of polypropylene fibers (Pz manufactured by Daiwa Spinning Co., Ltd.; 0.5 
d, 5 mm in fiber length) and 40% of core-sheath composite fibers comprising polypropylene and polyethylene (NBF-H 
manufactured by Daiwa Spinning Co., Ltd.; 0.7 d. 5 mm in fiber length) as other fibers were dispersed in water to pre- 
pare a slurry The slurry was subjected to wet paper making process by a cylinder paper machine to make a nonwoven 
fabric of 25 g/hff in basis weight and 105 ^m thick for separator of non-aqueous electrolyte battery This nonwoven fab- 
30 ric had no pin holes. 

Example 94 

A nonwoven fabric of 25 g/m^ In basis weight was made In the same manner as in Example 93. Then, this nonwo- 
35 ven fabric was subjected to a hot calender treatment at 130'*C to adjust the thickness to 61 ^m. This nonwoven ^ric 
had no pin holes. 

Example 95 

40 A nonwoven fabric of 25 gAn^ in basis weight was made In the same manner as in Example 98. Then, this nonwo- 
ven fabric was subjected to a hot calender treatment at 130*'C to adjust the thickness to 42 ^m. This nonwoven fabric 
had no pin holes. 

Example 96 

45 

50% of polyethylene fibers at least a part of which were f Ibrillated to 1 fim or less in fiber diameter (TYARA KY-420S 
manufactured by Daicel Ltd.) and 50% of core-sheath composite fibers comprising polypropylene and polyethylene 
(NBF-H manufactured by Daiwa Spinning Co., Ltd.; 0.7 d x 5 mm in fiber length) as other fibers were dispersed in water 
to prepare a slurry The slun-y was subjected to wet paper making process by a cylinder paper machine to make a non- 
50 woven fabric of 26 g/tr? in basis weight for separator of non-aqueous electrolyte battery. Then, the nonwoven fabric was 
subjected to a hot calender treatment at 1 20*'C to adjust the thickness to 70 ^m. This nonwoven fabric had no pin holes. 

Exanple 97 

55 A nonwoven fabric of 26 g/m^ in basis weight was made in the same manner as in Example 96. Then, this nonwo- 
ven fabric was subjected to a hot calender treatment at 120*^0 to adjust the thickness to 46 This nonwoven fabric 
had no pin holes. 
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Example 98 

Poly-p-phenylenebenzobisoxazole fbers (PBO manufactured by Toyobo Co., Ltd.) were dispersed in water at a 
concentration of 2%. The dispersion was introduced into a high-pressure homogenizer and repeatedly passed there- 

5 through under a pressure of 300 l^cm^ to f ibrillate the fbers. 50% of the thus obtained poly-p-phenylenebenzobisox- 
azole fibers at least a part of which were f ibrillated to 1 pni or less in fiber diameter and 50% of core-sheath composite 
fibers comprising polypropylene and polyethylene (NBF-H manu^ctured by Daiwa Spinning Co.. Ltd.; 0.7 d x 5 mm in 
fiber length) as other fibers were dispersed in water to prepare a slun-y. The slun-y was subjected to wet paper making 
process by a cylinder paper machine to make a nonwoven fabric of 30 g/m^ in basis weight for separator of non-aque- 

10 ous electrolyte battery. Then, this nonwoven fabric was subjected to a hot calender treatment at 140^C to adjust the 
thickness to 51 pm. This nonwoven fabric had no pin holes. 

Example 99 

15 35% of the micro-glass fibers used In Example 4, 25% of polypropylene fibers at least a part of which were fibril- 
tated to 1 ^m or less in fiber diameter (TYARA KY-430S manufactured by Daicel Ltd.) and 40% of core-sheath compos- 
ite fibers comprising polypropylene and polyethylene (NBF-H manufactured by Daiwa Spinning Co., Ltd.; 0.7 d x 5 mm 
in fiber length) as other fibers were dispersed in water to prepare a slurry. The slurry was subjected to wet paper making 
process by a cylinder paper machine to make a nonwoven fabric of 25 g/m^ in basis weight for separator of non-aque- 

20 ous electrolyte battery. Then, the nonwoven fabric was subjected to hot calender treatment at ISO'^C to adjust the thick- 
ness to 45 ^m. This nonwoven fabric had no pin holes. 

Example 100 

2S 35% of the micro-glass fibers used in Example 4, 25% of polyethylene fibers at least a part of which were f Ibrillated 
to 1 Mm or less in fiber diameter (TYARA KY'420S manufactured by Daicel Ltd.) and 40% of core-sheath composite fib- 
ers comprising polypropylene and polyethylene (NBF-H manufactured by Daiwa Spinning Co., Ltd.; 0.7 d x 5 mm in 
fiber length) as other fibers were dispersed in water to prepare a slurry. The slun'y was subjected to wet paper making 
process by a cylinder paper machine to make a nonwoven fabric of 25 g/vr? in basis weight for separator of non-aque- 

30 ous electrolyte battery. Then, the nonwoven fabric was subjected to hot calender treatment at 1 20''C to adjust the thick- 
ness to 40 ^m. This nonwoven fabric had no pin holes. 

Example 101 

35 35% of the micro-glass fibers used In Example 4. 25% of poly-p-phenylenebenzobisoxazole fibers at least a part of 
which were f brillated to 1 ^m or less In fiber diameter and which were prepared In Example 98 and 40% of core-sheath 
composite fibers conprising polypropylene and polyethylene (NBF-H manufactured by Daiwa Spinning Co.. Ltd.; 0.7 d 
X 5 mm in fiber length) as other fbers were dispersed in water to prepare a slurry. The slurry was subjected to wet paper 
making process by a cylinder paper machine to make a nonwoven fabric of 30 g/m^ in basis weight for separator of non- 
40 aqueous electrolyte battery. Then, the nonwoven fabric was subjected to hot calender treatment at 140**C to adjust the 
thickness to 49 \itx\. This nonwoven fabric had no pin holes. 

Example 102 

45 50% of polypropylene fibers at least a part of which were f brillated to 1 ^m or less In fiber diameter (TYARA KY- 
430S manufactured by Daicel Ltd.) and 50% of core-sheath composite fibers comprising polypropylene and polyethyl- 
ene (NBF-H manufactured by Daiv\a Spinning Co., Ltd.; 0.7 d x 5 mm in fiber length) as other fibers were dispersed in 
water to prepare a slurry. The slun-y was subjected to wet paper making process by a cylinder paper machine to make 
a nonwoven fabric of 25 g/m^ in basis weight for separator of non-aqueous electrolyte battery. Then, the nonwoven fab- 

50 ric was subjected to hot calender treatment at 1 40''C to adjust the thickness to 40 ^m. This nonwoven fabric had no pin 
holes. 

Example 103 

55 50% of polyethylene fibers at least a part of which were f ibrillated to 1 [im or less in fiber diameter (TYARA KY-420S 
manufactured by Daicel Ltd.) and 50% of core-sheath composite fibers comprising polypropylene and polyethylene 
(NBF-H manufactured by Daiwa Spinning Co.. Ltd. ; 0.7 d x 5 mm in fiber length) as other fibers were dispersed in water 
to prepare a slurry. The slun^y was subjected to wet paper making process by a cylinder paper machine to make a non- 
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woven fabric of 25 Q/vr? in basis weight for separator of non-aqueous electrolyte battery. Then, the nonwoven fabric was 
subjected to hot calender treatment at 130*^0 to adjust the thickness to 40 ^m. This nonwoven fabric had no pin holes. 

Example 104 

5 

90% of aaylic fibers (Vonnel manufactured by Mitsubishj Rayon Co.. Ltd.; 1 d x 5 mm in fiber length) and 10% of 
core-sheath composKe fibers comprising polypropylene and polyethylene (NBF-H manufactured by Daiwa Spinning 
Co.. Ltd.; 0.7 d X 5 mm in f ber length) were dispersed in water to prepare a slurry. The slun'y was subjected to wet paper 
making process by a cylinder paper machine to make a nonwoven fabric of 20 g/m^ in basis weight and 94 }im in thick- 
10 ness for separator of non-aqueous electrolyte battery. TTris nonwoven fabric had pin holes. 
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Evaluation: 

Since the nonwoven febrics contained organic fibers at least a part of wtiich were f ibrillated to 1 m^i or less in fiber 
40 diameter, there were no pin holes which cause internal short-circuit. 

The nonwoven fabrics for separator of non-aqueous electrolyte batteries of Examples 93-1 01 had a void content of 
35-80% and hence were superior in retention of electrolyte. Furthermore, since they had a gas permeability of 100 
mmHg or higher, they are superior in penetration of electrolyte. 

On the other hand, since the nonwoven fabrics of Exanples 102 and 103 were subjected to severe hot calender 
45 treatment, they were high in uniformity, but became filmy and inferior In penetration of electrolyte and retention of elec- 
trolyte. 

Since the nonwoven fabric of Example 104 did not contain organic f bers at least a part of which were fibrillated to 
1 ^m or less in fiber diameter, it had pin holes and, furthernx)re, since the nonwoven fabric contained acrylic fibers hav- 
ing a large fiber diameter, it was non-uniform in thickness and was somewhat inferior in battery processabltity such as 
so roltability with electrodes as compared with the nonwoven fabrics made in Examples 92-101 . arxJ was inferior in pene- 
tration of electrolyte and retention of electrolyte. 

Exanple 105 

55 50% of micro-glass fibers used in Example 4 (Q-FIBER #1 06Q manufactured by Schuller Co. . Ltd.), 35% of polyar- 
ylate fibers (VECTRAN manufactured by Kuraray Co.. Ltd.) and 15% of polyarylate pulp (VECTRAN manufactured by 
Kuraray Co.. Ltd.) as heat resistant fibers were dispersed in water to prepare a slun'y. The slurry was subjected to wet 
paper making process by a cylinder paper machine to make a nonwoven fabric of 25 g/m^ in basis weight and 90 ^m 
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in thickness for separator of non-aqueous electrolyte battery. Then, the nonwoven fabric was subjected to calender 
treatment at 40®C to adjust the thickness to 50 ^m. This nonwoven fabric had dents on the surface. The nonwoven fab- 
ric had a void content of 71%. 

5 Example 106 

A nonwoven fabric of 25 g/m^ In basis weight and 90 ftm in thickness was made in the same manner as in Example 
105. Then, this nonwoven fabric was sidDjected to hot calender treatment at 50**C to adjust the thickness to 40 |im. 

10 Example 107 

A nonwoven fabric of 25 g/vr? in basis weight and 90 ^m in thickness was made in the same manner as in Example 
105. Then, this nonwoven fabric was subjected to hot calender treatment at 150''C to adjust the thickness to 40 ^m. 

IS Example 106 

A nonwoven fabric of 25 gfrr? in basis weight and 90 \im in thickness was made in the same manner as in Example 
105. Then, this nonwoven fabric was subjected to hot calender treatment at 200*^0 to adjust the thickness to 40 ^m. 
The nonwoven fabrics for separator of non-aqueous electrolyte battery which were made in Examples 106-108 had 
20 a void content of 64%. 

Example 109 

A nonwoven fabric of 25 g/m^ In basis weight and 90 ^m in thickness was made In the same manner as In Example 
25 105. Then, this nonwoven fabric was subjected to hot calender treatment at 210°C. As a result, the nonwoven fabric had 
a thickness of 35 ^m and had a void content of 57%, which was lower than in Examples 106-108. Especially, the void 
content near the surface decreased. 

Example 110 

30 

70% of the micro-glass fibers used in Example 4 and 10% of polyarylate fibers (VECTRAN manufactured by Kura- 
ray Co., Ltd.) and 20% of polyarylate pulp (VECTRAN manufactured by Kuraray Co.. Ltd.) as heat resistant fibers were 
dispersed in water to prepare a slurry. The slunry was subjected to wet paper making process by a cylinder paper 
machine to make a nonwoven fabric of 25 g/hn^ in basis weight and 90 )im in thickness for separator of non-aqueous 
35 electrolyte battery Then, the nonwoven fabric was subjected to hot calender treatm^t at 1 50''C to adjust the thickness 
to 40 fxm. The nonwoven fabric had a void content of 68%. 

Example 111 

40 60% of the micro-glass f bers used in Example 4 and 30% of polyphenylene sulfide fibers (manufactured by Tor^ 
Industries, Ltd.) and 10% of polyarylate pulp (VECTRAN manufactured by Kuraray Co., Ltd.) as heat resistant fibers 
were dispersed in water to prepare a slurry. The slurry was subjected to wet paper making process by a cylinder paper 
machine to make a nonwoven fabric of 25 g/m^ in t>asis weight and 90 ^m in thickness for separator of non-aqueous 
electrolyte battery. Then, the nonwoven fabric was subjected to hot calender treatment at 1 SO^'C to adjust the thickness 

45 to 40 ^m. The nonwoven fabric had a void content of 66%. 

Example 112 

40% of the micro-glass f bers used in Example 4, 20% of polyarylate fibers (VECTRAN manufactured by Kuraray 
50 Co., Ltd.) and 20% of polyarylate pulp (VECTRAN manufactured by Kuraray Co., Ltd.) as heat resistant fibers, and 20% 
of potyolefin fibers (NBF-H manufactured by Dalwa Spinning Co., Ltd.; 2 d x 5 mm) were dispersed in water to prepare 
a slun'y. The slurry was subjected to wet paper making process by a cylinder paper machine to make a nonwoven fabric 
of 25 g/m^ in basis weight and 90 ^m in thickness for separator of non-aqueous electrolyte battery. Then, the nonwoven 
fabric was subjected to hot calender treatment at ISO^'C to acQust the thickness to 40 ^m. The nonwoven fabric had a 
55 void content of 58%. 
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Example 113 

50% of the micro-glass fibers used in Exanple 3 (#108A manufactured by Schuller Co., Ltd.) and 35% of aramid 
fibers (KeN^ar manufactured by DuPont de Nemours, E.I., Co.) and 15% of aramid pulp (Kevlar manufactured by DuPont 
de Nemours, E.I.. Co.) as heat resistant fibers were dispersed in water to prepare a slurry. The slurry was sut)jected to 
wet paper making process by a cylinder paper machine to make a nonwoven fabric of 25 g/m^ in basis weight and 90 
^m in thickness for separator of non-aqueous electrolyte battery. Then, the nonwoven fabric was subjected to hot cal- 
ender treatment at 1 SO^'C to adjust the thickness to 40 \sm. The nonwoven fabric had a void content of 59%. 

Example 114 

50% of micro-glass fibers having an average fiber diameter of 1 .0 ^m (#1 08A manufactured by Schuller Co., Ud.) 
and 50% of p-aramid fibers (Kevlar manufactured by DuPont de Nemours, E.I.. Co.) as heat resistant fibers were formed 
into a sheet by carding which Is a dry method for making nonwoven fabric, whereby a nonwoven fabric of 25 g/m^ in 
basis weight and 500 ^m in thickness for separator of non-aqueous electrolyte battery was obtained. The resulting non- 
woven fabric was non-uniform and retention of the micro-glass fibers was inferior. Then, the nonwoven fabric was sub- 
jected to hot calender treatment at 150*'C to adjust the thickness to 40 ^m. The resulting nonwoven fabric had a void 
content of 70% 

Example 115 

70% of polyarylate fibers (VECTRAN manufactured by Kuraray Co.. Ltd.) and 30% of polyarylate pulp (VECTRAN 
manufactured by Kuraray Co.. Ltd.) as heat resistant fibers were dispersed in water to prepare a slurry. The slurry was 
subjected to wet paper making process by a cylinder paper machine to make a nonwoven fabric of 25 g/m^ in basis 
weight and 90 ^m in thickness for separator of non-aqueous electrolyte battery. Then, the nonwoven fabric was sub- 
jected to hot calender treatment at 200'*C to adjust the thickness to 40 [im. 

Example 116 

A nonwoven fabric for separator of non-aqueous electrolyte battery was made in the same manner as in Example 
115. except that polyphenylene sulfide fibers (PPS CHOPPED FIBER manufactured by Toray Industries. Ltd.) were 
used in place of the polyarylate fibers. 

Example 117 

30% of micro-glass fbers having an average fiber diameter of 1 .0 ^ (#108 A manufactured by Schuller Co., Ltd.), 
20% of polyolefin fibers (NBF-H manufactured by Daiwa Spinning Co., Ltd.; 2 d x 5 mm) and 50% of polyolefin fibers 
(PZ manufactured by Daiwa Spinning Co., Ltd.; 0.5 d x 5 mm) were mixed and dispersed in water to prepare a slurry. 
The slurry was subjected to wet paper making process by a cylinder paper niachlne to make a nonwoven febric of 25 
Q/rr? in basis weight and 100 ^m in thickness for separator of non-aqueous electrolyte battery. Then, the nonwoven fab- 
ric was subjected to hot calender treatment at 150''C to adjust the thickness to 40 ^m. 
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25 Evaluation: 

As can be seen from the results of Table 9, anrwng Examples 105-109. since the hot calendering temperature in 
Example 105 was 40''& the effect of hot calender treatment was low and the thickness was non-uniform. Since the hot 
calendering temperature in Examples 106-108 was 50-200''C, the thickness was uniform. Since the hot calendering 

30 temperature in Example 109 was 210''C, the thickness was further uniform, but void content decreased and retention 
of electrolyte was somewhat deteriorated. In Examples 109, penetration of the electrolyte also deteriorated as com- 
pared with Examples 106-108. 

The nonwoven fabrics for separator of non-aqueous electrolyte battery which were made in Examples 105-1 14 and 
Examples 115-117 were superior in adhesion to electrodes and superior in battery processability such as reliability with 

35 electrodes, and non-aqueous electrolyte batteries superior in battery characteristics and battery storage characteristics 
could be made. Furthermore, since the nonwoven fabrics contained micro-glass fibers, they were superior in heat 
resistance and short-circuit of electrodes due to shrinking or burning of the nonwoven fabrics and ignition of batteries 
could be inhibited. Furthermore, since at least a part of the polyarylate pulp was f ibrillated to 1 ^m or less in fiber diam- 
eter, there were no pin holes whk^ cause internal short-circurt. The nonwoven febrics of Examples 1 12. 1 14 and 1 1 7 

40 contained micro-glass fibers containing sodium oxide which hinders the battery reaction, and, therefore, the batteries 
were somewhat inferior in battery storage characteristics. 

The nonwoven fabrics of Examples 1 1 5 and 1 16 were composed of only heat resistant fibers, and therefore supe- 
rior in heat resistance and could inhibit ignition of batteries, but were inferior to those containing micro-glass f bers. Fur- 
thermore, they contained 30% of organic fibers at least a part of which were f ibrillated to 1 ^m or less in fiber diameter 

45 and hence due to the effect of hot calender treatment, there were no pin holes which cause internal short-circuit. Thus, 
uniform nonwoven fabrics coukJ be made and battery processability such as rollability with electrodes was superior, and 
non-aqueous electrolyte batteries excellent in battery characteristics and battery storage characteristics could be 
made. 

50 [Industrial Applicability] 

The nonwoven fabric for separator of non-aqueous electrolyte battery according to the present invention is superior 
in adhesion to electrodes, and there occurs no breakage of the separator at the time of fabrication of battery and there 
occurs neither slippage nor space between electrode and the separator. Battery processability such as rollability with 
55 electrodes is superior. Furthermore, even when electrodes generate heat owing to external short-circuit, internal short- 
circuit due to contact between electrodes caused by shrinking or burning of the nonwoven fabric does not occur, and 
ignition of the battery can be inhtoited. The nonwoven fabric has no pin holes and is superior in retention of electrolyte 
and penetration of electrolyte. The nonwoven fabric can be used as a separator of non-^ueous electrolyte battery 
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superior in current capacity, battery characteristics and baMery storage characteristics. 
Claims 

5 1 . A nonwoven fabric for separators of non-aqueous electrolyte batteries which is produced by a wet paper making 
process, characterized in that the nonwoven fabric has a thickness non-uniformity index (Rpy) in machine direction 
of 1000 mV or less as determined below: 

Thickness non-unrformity Index (Rpy): A sample is allowed to run between two spherical tracers; variation of 
thickness of the sample in machine direction is measured using a film thickness measuring equipment which meas- 

10 ures the variation of sanple thickness as an electric signal through an electric micrometer by scanning the sample 
at a constant rate of 1.5 m/min in machine direction after zero point adjustment under the condition of ±15 ^m/±3 
V in sensitivity range of the electric miaometer; the resulting signal value is subjected to fast Fourier transform by 
a FFT analyzer using hanning window as a time window; a power spectrum (unit: mV^) is obtained by addition aver- 
aging of addition of 128 times; the power values in the frequency band of 2-25 Hz are totalled; the total is multiplied 

IS by 2/3; and the resulting value is raised to one-second power to obtain the thickness non-unifornf% index (Rpy) 
(unit: mV). 

2. A nonwoven fabric for separators of non-aqueous electrolyte batteries which is produced by a wet paper making 
process, characterized in that the nonwoven fabric has a center surface average roughness SRa of 6 ^m or less in 

20 whole wavelength region as measured using a tracer method three-dimensional surface roughness meter. 

3. A nonwoven fabric for separators of non-aqueous electrolyte batteries according to claim 1 or 2 which contains 
inorganic fibers. 

25 4. A nonwoven fabric for separators of non-aqueous electrolyte batteries according to claim 3, wherein the inorganic 
fibers are one or more kinds of fibers selected from micro-glass fibers, alumina fibers, alumina silica fibers and rock 
wool. 

5. A nonwoven fabric for separators of non-aqueous electrolyte batteries according to daim 1 or 2 which contains 
30 whiskers comprising an inorganic compound. 

6. A nonwoven fabric for separators of non-aqueous electrolyte batteries according to claim 5, wherein the composi- 
tion of the whiskers comprises at least one member selected from AI2O3, OAlgOs • 2B2O3, SIC. Si3N4, KgO • 6T1O2. 
KgTieOis, T1O2. BaTiOa, MgaBgOs and ZnO. 

35 

7. A nonwoven fabric for separators of non-aqueous electrolyte batteries according to claim 3. wherein the average 
fiber diameter of the inorganic fibers Is 3 |im or less. 

8. A nonwoven fabric for separators of non-aqueous electrolyte batteries according to claim 3, wherein the amount of 
40 the Inorganic fibers In the nonwoven fiabric is 20-80% by weight. 

9. A nonwoven fabric for separators of non-aqueous electrolyte batteries according to claim 4. 7 or 8, wherein the 
micro-glass fibers comprise at least one of E glass containing 1% by weight or less of sodium oxide and silica glass 
containing 99% by weight or more of silicon dioxkle. 

45 

10. A nonwoven tabric for separators of non-aqueous electrolyte batteries according to daim 1 , 2 or 3 which contains 
organic fibers. 

11 . A nonwoven fabric for separators of non-aqueous electrolyte batteries according to claim 10, wherein at least a part 
50 of the organic fibers are f ibrillated to 1 (im or less in fiber diameter. 

1 2. A nonwoven fabric for separators of non-aqueous electrolyte batteries according to claim 1 0 or 1 1 , which has a void 
content of 35-80%. 

55 13. A nonwoven fabric for separators of non-aqueous electrolyte batteries according to daim 10, 11 or 12. which has 
a gas permeability of 100 mmHg or higher. 

14. A nonwoven fabric for separators of non-aqueous electrolyte batteries according to claim 10 or 11. wherein the 
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organic fibers corrprise one or nnore kinds of organic fibers selected from polypropylene fibers, polyethylene fibers, 
polymethytpentene fibers and acrylic f bers. 

1 5. A nonwoven fabric for separators of non-aqueous electrolyte batteries according to daim 1 0 or 11 , which contains 
5 heat resistant organic fibers having a melting point or heat deconposition point of 250*^0 or higher. 

16. A nonwoven fabric for separators of non-aqueous electrolyte batteries according to claim 10, 11 or 1 5, wherein the 
heat resistant organic fibers comprise one or more kinds of f bers selected from the group consisting of aramid fib- 
ers, polyphenylene sulfide f bers. polyarylate f bers, polyether ketone fibers, polyimide fibers, polyether sutfone fib- 
re ers, and poly-p-phenylenebenzobisoxazde fibers. 

17. A nonwoven ^ric for separators of non-aqueous electrolyte batteries according to claim 10, wherein the organic 
fibers contain a fibrous binder. 

15 18. A nonwoven fabric for separators of non-aqueous electrolyte batteries according to claim 17. wherein the fibrous 
binder is at least one fibrous binder selected from the group consisting of vinylon fibers, polyester fibers, polyole^in 
fibers, polyamide fibers and natural pulps. 

19. A nonwoven fabric for separators of non-aqueous electrolyte batteries according to claim 1 or 2. which is subjected 
20 to a calender treatment. 

20. A nonwoven febric for separators of non-aqueous electrolyte batteries according to claim 19, wherein the calender 
treatment is a hot calender treatment. 

25 21 . A nonwoven fabric for separators of non-aqueous electrolyte batteries according to claim 20. which is subjected to 
a hot calender treatment at 50-200 ^'C. 

22. A non-aqueous electrolyte battery which is made using the nonwoven fabric according to claims 1 -21 . 

30 
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The diameter of the fbers is preferably 5 deniers or less and more preferably 0.1-3 deniers. tf the ifber diameter is 
more than 5 deniers. the number of fibers decreases and not only the strength of the nonwoven fabric decreases, but 
also uniformity deteriorates and pin holes are formed. 

In making separators of non-aqueous electrolyte batteries, there may be used, in addition to the fibers, various 
s additives for paper making, such as dispersing agent and thickening agent for attaining uniform and effld^ production 
of the nonwoven fabric. 

Inorganic binders such nn!lr)iff1 n l fr"'^^ ^"rM^"* g^iHnrttna may b e applied to the nonwoven fabrics bv coatina 

or impre n P^'9" P"nn O ^? of Iprtpr g Yinq YBP^''^ p<^ i nrnvincf >fi- fQqu i rfYi fnr rfY>nrntnrr nf nnn- n q ueo^^ electrolyte^ 

batteries, such as str ength, heat resistance and folding resistance. Furthermore, organic binders such as various water- 
10 -e eltrbtenresins. oii-soiuoie resins and latexes may be used in n iar^ of the inorganic bindprs 

The basis weight of the nonvvoven fabric for separators of non-aqueous electrolyte batteries is not limited, but is 

preferably 5-100 g/m?. more preferably 10-50 g/nf. 

Thickness of the nonwoven fabric for separators of non-aqueous electrolyte batteries is not critical and the thinner 

nonwoven fabric is preferred because batteries can be made smaller. However, the thickness is preferably 10-100 \um, 
15 more preferably 20-60 \im from the points of strength, formation of no pin holes and uniformity. If the thickness is less 

than 1 0 ^m, rejection rate due to short-circuit at fabrication of batteries increases. If the thickness is more than 1 00 ^m, 

resistance depending on thickness inaeases to cause deterioration of battery characteristics and decrease of energy 

density. 

There are varioi^ methods for producing nonwoven fabrics having a thickness non-uniformity index Rpy of 1000 

20 mV or less, but generally they are produced by dispersing the fibers in water and then the dispersion is subjected to wet 
paper making process. In this case, the dispersion concentration of fibers is preferably as low as possible and the slurry 
concentration is preferably 0.01-0.1% by weight. Length of the fibers is preferably as short as possible within such a 
range as the fibers being able to be formed into a web. FurthernfK)re, It Is preferred to use an adequate amount of a dis- 
persing agent depending on the fibers used. 

2S Furthermore, various methods can be employed for the adjustment of thickness of the resulting nonwoven fabric 
and simultaneously for the reduction of thickness non-uniformity index Rpy. If the thickness of the resulting nonwoven 
fabric is greater than the desired thickness, the thidoiess must be reduced by a secondary processing. In this case, the 
thickness non-uniformity Index can simultaneously be reduced. This secondary processing is preferably carried out by 
calendering treatment using supercalender. machine calender, hot calender, soft calender, hot soft calender, etc., 

30 whereby thickness and thickness non-unuformity index are adjusted. It is especially preferred to adjust to the desired 
thickness and the thickness non-uniformity index by pressure heat treatment using hot calender. The temperature for 
the pressure heat treatment In hot calendering varies depending on the kind of the organic fibers constituting the non- 
woven fabric and the treatment Is carried out at a temperature higher than Tg of the organic fibers and lower than the 
melting point of the organic fibers. Especially when heat fusion bonding fibers are contained, the temperature must be 

35 Increased up to the bonding power developing temperature of tiie heat fusion bonding fibers. The temperature is pref- 
erably 50-200°C from the points of constitution of the organic fibers, processing conditions, etc. When the pressure 
treatment is conducted at a temperature lower tiian 50°C, no sufficient bonding power is developed, the tiiickness 
Increases again with lapse of time, the surface becomes rugged, the nonwoven fabric cannot be thinned to the desired 
thickness and aacks occur. In addition to these troubles, the thickness non-uniformity index cannot be improved. When 

40 the pressure treatment is carried out at higher than 200''C, the fibers per se are deteriorated witti heat, resulting in 
reduction of sti-ength or distortion. Even If the deterioration does not occur, density of the nonwoven ^ric increases too 
much and a sufficient void content cannot be obtained to damage battery performances. 

The void content Is preferably in the range of 35-80%, within which electrolyte retention is superior and battery 
characteristics and battery storage characteristics are improved. The void content is more preferably 40-65% and this 

45 can be adjusted by ttie pressure heat treatment. Furthermore, vi^en gas permeability is 100 mmHg or higher, penetra- 
tion of electrolyte Is satisfactory. 

There are various methods for producing nonwoven fabrics having a center surface average roughness SRa of 6 
^m or less, but generally they are produced by dispersing the fibers in water and then the dispersion is subjected to wet 
paper making process. In the production, the dispersion concentration of fibers Is preferably as low as possible and ttie 

50 length of ttie fibers is preferably shorter. Furthermore, it is prefenred to use a suitable amount of a dispersing agent 
depending on the fibers used. 

Furthermore, various methods can be employed for reducing the center surface average roughness SRa of ttie 
resulting nonwoven fabric in addition to the adjustment of thickness. If the thickness of the resulting nonwoven fabric is 
greater tiian ttie desired thickness, the thickness must be reduced by a secondary processing treatment. In ttils case. 

55 the center surface average roughness SRa can simultaneously be reduced. In general, a nonwoven fabric having a 
thickness of 50-500 ^m is adjusted in ttiickness to 10-100 ^m by a secondary processing treatment. 

This secondary processing treatment is preferably carried out by calendering treatinent using supercalender. 
machine calender, hot calender, soft calender, hot soft calender, etc.. whereby tiiickness and center surface average 
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Basic Abstract Text ^ ABTX (2): 

The fabric contains 1-99% (I). The other fibres may be inorganic or organic 
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in hot water, low melting polyesters, e.g. polyethylene 

terephthalate/isophthalate, etc. 

Basic Abstract Text - ABTX_(3):^ 

The fabric is used as electrode^ material for storag^bcftteries^ (!) 
increases the electroconductivity. ~~ 

Title - Tlx (1_)j__^___ 
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Mlschvliese aus mindestens zwei Faserarten. wobei eine 
Faserart aus dotlertem oder undotiertem Potyacetyten besteht 
und die Mischvliese als Elektrodenmaterial in Speicherbatte- 
rien verwendet warden. (32 27 065) 
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Patentansprtiche 

1) Mischvliese aus mindestens zwei Faserarten, da- 
durch gekennzeichnet, daB eine Faserart aus do- 
tiertem oder undotiertem Polyacetylen besteht. 

2) Verwendung der Mischvliese nach Anspruch 1 als 
Elektrodenmaterial in Speicherbatterien. 
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5090 Leverkusen, Bayerwerk 
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Mischvliese 



Gegenstand der Erfindung sind Mischvliese^ die aus min- 
destens zwei Faserarten bestehen und von denen minde- 
stens eine Faserart aus dotiertem Oder undotiertem Poly- 
acetylen besteht, 

5 Es ist bekannt, zur Herstellung von Vliesen mit besonde- 
ren Eigenschaf ten Mischungen verschiedener Faserarten 
einzusetzen. Auch. die Herstellung von Kohlenstof faser- 
vliesen bzw. Kohlenstof fasern enthaltenden Vliesen ist 
bekannt, Dabei verwendet man vorzugsweise Fasern mit 
10 LSngen zwischen 1 und 4 0 mm und arbeitet nach nassen 
Oder trockenen Verfahren. 

Es wurde nun uberraschenderweise gefunden, daB man in 
sehr vorteilhafter Weise Vliese mit erhohter elektri- 
scher Leitf Shigkeit herstellen kann, wenn man einem be- 
15 kannten, vliesbildenden Fasermaterial zwischen 1 und 99 
% krebschen- oder f aserf ormiges Polyacetylen zufiigt. Die 
verwendeten Polyacetylen-Krebschen oder -Fasern sind be- 
kannt (Europaische Patentanmeldung 0 045 908) und haben 
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elnen Durchmesser bzw. eine LSnge von vorzugsweise 0,01 - 
1 cm. Bedlngt durch die Krebschen- bzw. Faserform wird 
eine zusatzliche Verfestigung des Vlieses erreicht, so 
daB auch sonst nicht vliesbildende Materialien mitverwen- 
det werden konnen. Die erhohte mechanische Festigkeit 
der polyacetylenhaltigen Vliese wirkt sich bei Anwendun- 
gen sehr vorteilhaft aus. 

Unter Mischvliese werden im folgenden sowohl Einzelvlie- 
se beliebigen Zuschnittes als auch kontinuierliche Vlies- 
ware gleichbleibender Breite, die auf Spulen aufgewik- 
kelt werden kann und die zwischen 1 und 99 % Polyacety- 
len enthalteh, verstanden. 

Zur Herstellung der Mischvliese konnen neben Polyacety- 
len anorganische oder organische Fasermaterialien ein- 
gesetzt werden. Als anorganische Fasermaterialien kom- 
men z.B. Fasern aus Glas, Asbest oder Kohlenstoff in 
Frage. Als organische Fasern kommen z.B. die Natur fasern 
wie Wollmasse, Manilahanf , Baumwo 11 inter , Papiermaische , 
Edgeworthia papyrifera und dgl. in Frage. 

Als organische synthetische Fasern kSnnen im Rahmen der 
Erfindung auBer denjenigen, die aus relativ hydrophilen, 
hochmolekularen Polymeren, wie Rayon und Polyvinylalko- 
holfasern aufgebaut sind, Fasern aus hydrophoben, orga- 
nischen synthetischen, hochmolekularen Polymeren in Be- 
trachtr wie Polyester, Polyamid, Polypropylen , Poly- 
acrylnitril, Polyvinylchlorid, Polyvinylidenchlorid, 
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Polyethylene , Polypropylen, Polybutadien , Polyisobutylen, 
Polystyrol, Polycarbonate, Polyurethane , Polyether, Poly- 
paraphenylensulfid sowie Homo- und Copolymere von Vinyl- 
verbindungen verwendet werden. 

5 Unter "Polyvinylalkoholfasern" werden diejenigen verstan- 
den, die aus Polyvinylalkohol durch vollstSndige Oder teil 
weise Verseifung von Polyvinylacetat aufgebaut sind, wo- 
bei die Fasern anschlieBend warmebehandelt oder warmebe- 
handelt und formalisiert werden. "Rayonf asern" werden aus 

0 Cellulosebrei nach dem Viskoseverf ahren erhalten. "Poly- 
esterf asern" werden aus einem SSurebestandteil , wie Te- 
rephthalsaure, Isophthalsaure , OrthophthalsSure , Oxyben- 
zoesMure, AdipinsSure und SebacinsSure und elnem' Glykol- 
bestandteil, wie Ethylenglykol, Propylenglykol , Neopen- 

5 tylglykol, Diethylenglykol und dgl., durch Polykondensa- 
tion Oder Copolykondensation erhalten. "Polyamidf asern" 
sind aus Polyamiden aufgebaut, wie Nylon-6,6, Nylon 6, 
Nylon-12 und dgl. , aromatlschen Polyamidf asern , die aus 
Paraxylilendiamin und AdipinsSure, Terephthalsaure oder 

0 Isophthalsaure erhalten wurden oder Copolyamidf asern , 
die durch Copolykondensation der vorstehend aufgefiihr- 
ten Bestandteile erhalten wurden. "Polypropylenf asern" 
sind polypropylenhaltige Fasern, die aus Polypropylen 
Oder Copolymeren aufgebaut sind, die durch Copolymerisa- 

5 tion von Propylen mit Ethylen, Vinylchlorid, Vinyliden- 
chlorid und dgl., erhalten wurden. 

Die Schnittf asern dieser organischen synthetischen Fa- 
sern kann die gewUnschte Faseriange und Denierzahl auf- 
weisen. FUr die Zwecke der Erfindung wird eine Faser- 
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ISnge bis zu 40 mm, vorzugsweise 0,1 bis 40 mm, insbe- 
sondere 0,1 bis 25 mm bevorzugt, 

Durch Zusatz von Polyacetylen wird es moglich, nicht-ge- 
webte Bahnen von guter Ausbildung unter Anwendung gewohn- 
5 licher Papiermaschinen selbst mit geschnittenen Fasern 
einer Lange von 15 bis 25 mm herzustellen. 

Das erf indungsgemSBe Mischvlies kann neben Polyacetylen 
eine Oder raehrere Fasersorten enthalten. 

Es ist moglich, gleichzeitig 1 bis 30 % Binder fasern zur 
10 Haftung der gebildeten, nicht-gewebten Bahnen zu verwen- 
den. Als Binderfasern konnen in heiBem Wasser losliche 
Polyvinylalkoholf asern, niedrig-schmelzende Polyester- 
f asern, beispielsweise Polyethylenterephthalat/Isophtha- 
lat-Fasern and dgl. , verwendet . werden , 

15 Die Fasergemische k5nnen beispielsweise in einem geeig- 
neten Suspensionsmittel in an sich bekannter Weise dis- 
pergiert werden. Die Suspension kann mit bekannten Vor- 
richtungen, wie Zerteilern, Pulpern, Holiandem, Refi- 
nem und dgl. , hergestellt werden. Die Faserkonzentra- 

20 tion in a^r Suspension betragt vorzugsweise 0,5 bis 6 %, 
insbesondexe 0,5 bis 3 %. 

Die Suspension wird zur Lagerung in einen Behalter, Ha- 
sten und dgl. geftihrt, mittels einer MeBpumpe oder eines 
Mischkastens gemessen, auf eine Faserkonzentration von 
25 0,01 bis 0,5 % verdtinnt und dann von hier z.B. zu einer 
Papiermaschine von bekannter Art transportiert. 
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Das heiBt, die Fasersuspension wird auf das Wasserab- 
lauf-Drahtnetz gefiihrt. Sofern die Maschine das Losungs- 
mittel durch das Drahtnetz unter Bildung von nicht-geweb- 
ten Bahnen der Fasern abzieht, ist die Art der Maschine 
in keiner Weise kritisch* Beispielsweise kSnnen Four- 
drinier-Maschinen, Zylindermaschinen oder geneigte Draht- 
papiermaschinen verwendet werden. 

Wegen der Oxidationsempf indlichkeit des Polyacetylens 
ist es jedoch vorteilhaft, unter einem Schutzgas wie 
Stickstoff, Kohlendioxid oder Argon zu arbeiten. 

Es ist moglich, gelatineartige Substanzen, wie Polyethy- 
lenoxid ^ Carboxymethy ice llu lose , Natr iumalginat , Kalium- 
metaphosphat, Natriumpolyacrylat , Karaya-Gummi und dgl., 

in an sich bekannter Weise in einer Konzentration im Be- 

-3 -5 
reich von 1 x 10 bis 1x10 bezogen auf das Ge- 

wicht der Suspension , zuzusetzen. Ferner k5nnen die Sus- 

pensionen Farbstoffe, Pigmente, Oxidationsverzogerer , 

Bindemittel wie z.B. niedrigschmelzende Fibrillen oder 

Fasern, Fullstoffe, Dispergierhilf smittel oder Dotierungs- 

mittel enthalten. 

Die auf der Papiermaschine gebildete nicht-gewebte Bahn 
wird in einem HeiBgastrockner oder einem Trommeltrock- 
ner getrocknet und das nicht-gewebte Bahnprodukt erhal- 
ten. 

Das Produkt kann mit einer Binderlosung zu VerstSrkungs- 
zwecken in an sich bekannter Weise behandelt werden, so 
daB eine Haftung zwischen den Fasern ausgebildet wird. 
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GemMfi der Erfindung k5nnen nicht-gewebte Bahnen mit gu- 
ter Ausbildung, wobei die Fasern einheitlich dispergiert 
sind und die praktisch frei von Faserklurapen sind, erhal- 
ten warden. Die nicht-gewebten Bahnen zeigen auch ausge- 
5 zeichnete mechanische Eigenschaf ten , wie Zugf estigkeit , 
ReiBfestigkeit , Prallf estigkeit , Haltungsbestandigkeit 
und dgl. Ein besonderer Vorteil liegt in der erh&hten 
elektrischen Leitf Mhigkeit der erfindungsgemMfien Misch- 
vliese, 

10 Weitere M5glichkeiten zur Herstellung der Mischvliese 
bestehen ira Absaugen, Abpressen Oder Abzentrif ugieren 
der Mischsuspensionen . Dabei arbeitet man bevorzugt in 
Abwesenheit von Luf tsauerstof f unter Schutzgas. 

Beispiele fUr geeignete Dispersionsmittel sind Kohlen- 
15 wasserstof fe, wie beispielsweise Butan, Hexan, CycLo- 
hexan, Penten, Benzol und Toluol; halogenierte Kohlen- 
wasserstoffe, wie z.B, Methylenchlorid, Chloroform, Me- 
thylchlor id , Propy Ichlor id , Tr ichlorethy len , Tr ichlor- 
ethan, Fluortrichlormethan und 1,1, 2-Trichlor-1 , 2 , 2-tri- 
20 fluorethan; Alkohole wie z.B. Methanol, Ethanol, Propa- 
nol, und Butanol; Ketone wie z.B. Aceton, Methylethy Ike- 
ton und h xaf luoraceton ; Ester wie z.B. Methylacetat , 
Ethylacetat und ^-Butyrolacton , Ether, wie z.B. Ethyl- 
ether, Tetrahydrofuran und Dioxan; Nitrile, wie z.B. 
25 Acetonitril und Propionitril ; und Trif luoressigsaure , 
Kohlenstof ftetrachlorid, Schwef elkohlenstof f , Nitrome- 
than, Wasser und Schwef eldioxid; und eine Kombination 
derselben. Je nach der Natur des besonderen polymeren 
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Materials sollte ein geeignetes, zugehSriges Dispersions- 
mittel ausgewahlt werden. 

Die erf indungsgemaBen Mischvliese konnen zur Erzielung 
einer hoheren Leitf ahigkeit "dotiert" werden. Geeignete 
Dotierungsmittel sind z.B, Jod, Brom, AsF^ , SbF^, AsClg, 
FeCl^, SnCl^, TiCl^, NOPFg, NOAsF^ , NOBF^ , N02AsFg , Pro- 
tonsSuren wie z.B. HCIO^, H2S0^ , HCl, CF^SO^H u.a., Alka- 
limetalle, NaNHj/ Amine. 

Dabei kann das Mischvlies den D&npfen des Dotierungsmit- 
tels ausgesetzt oder in eine Losung des Dotierungsmittels 
in einem inerten Losungsmittel getaucht werden. In einer 
besonderen Ausf iihrungsform kann das Dotierungsmittel bei 
der Vliesherstellung zugesetzt werden • 



FUr manche Anwendungszwecke ist es vorteilhaft, das un- 
15 dotierte oder dotierte Vlies luftdicht zu Verpacken. 

Dies kann z.B. durch Einschweifien in Folien mit gerin- 
ger Sauerstof f durchlassigkeit geschehen. Eine andere 
MSglichkeit besteht darin, das Mischvlies mit einer 
LSsung eines Polymeren mit geringer Sauerstof fdurchlSs- 
sigkeit zu imprSgnieren und so eine Schutzschicht auf 
den Einzelfasern zu erzeugen. 



Die erf indungsgemaBen Mischvliese konnen als antistati- 
sche, elektrisch leitende oder halbleitende Bauelemente 
z.B. in Flachenheizleitern oder zur Abschrimung elektro- 
25 magnetischer Felder Verwendung finden. Weiterhin konnen 
sie als selektive Absorber zur photothermischen Umwand- 
lung von Sonnenlicht eingesetzt werden. 
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Besonders bevorzugt ist jedoch die Verwendung polyacety- 
lenhaltiger Mischvliese als Elektrodenmaterial in Batte- 
rien. 
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Belspiel 1 

Zu 1 1 einer 1 gew,-%igen Suspension aus ungebleichtem 
Zellstoff in Wasser wird unter starkem RUhren 1 1 Etha- 
nolr in dem 1 g krebschenf ormiges Polyacetylen suspen- 
diert ist, zugesetzt. Die HMlfte des Gemisches wird uber 
eine Porzellannutsche von 1 5 cm 0 abgesaugt. Das feuchte 
Vlies wird zwischen 2 Metallplatten mit 5 nun Distanz- 
stiicken und einer Belastung von 5 kg im Hochvakuuin 24 h 
bei Raumtemperatur iiber Phosphorpentaoxid getrocknet. 
Man erhait im Vlies von 13 cm 0 und 3,5 mm Dicke mit 
guter Zugfestigkeit und einer elektrischen Leitfahig- 
keit von 3 x 10"^ ^ cm"^. 

Beispiel 2 

Analog Beispiel 1 wird ein Vlies mit Baumwoll-Linters 
und Polyacetylen hergestellt. Man erhait ein Vlies mit 
einem Durchmesser von 13,5 cm, einer Dicke von 3 mm und 
guter Zugfestigkeit • Die spez. Leitf Shigkeit betragt 
1,6 X 10"" Q^^ cm"\ 

Beispiel 3 

Analog Beispiel 1 wird ein Vlies mit Dralonschnittf asern 
dtex 3,3/6 mm halbmatt und Polyacetylen hergestellt. Das 
dunkle Vlies ist sehr locker und hat keine Festigkeit. 
Pressen bei 200 Kp/cm' gibt dem Vlies jedoch eine sehr 
hohe Zugfestigkeit und raetallischen Glanz . Das. Vlies hat 
einen Durchmesser von 15 cm und ist 1 mm dick. 
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Beispiel 4 

Analog Beispiel 3 wird ein Vlies mit Perlonschnittf asern 
PAG halbmatt 3,3 dtex/6 nun und Polyacetylen hergestellt. 
Das Vlies hat nach dem Pressen einen Durchmesser von 15 
cmr eine Dicke von 1 mnir eine gute Zugfestigkeit und me- 
tallischen Glanz* 

Beispiel 5 

Zu 1 1 Ethanol in dem 1 g Polyacetylen suspendiert sind 
werden 2 g Jod zugesetzt und geruhrt bis das Jod gel6st 
ist. Diese Suspension wird in 1 1 einer 1 gew.-%igen 
Suspension aus Baumwoll-Linters in Wasser eingeriihrt. 
Die HSlfte wird iiber eine Porzellannutsche mit 15 cm 0 
abgesaugt. Das feuchte Vlies wird zwischen 2 Metallplat- 
ten mit 5 mm DistanzstQcken und einem 5 kg Gewicht im 
Hochvakuum 24 h bei Raumtemperatur uber Phosphorpenta- 
oxid getrocknet. Man erhSlt ein Vlies von 13 cm Durch- 
messer und 3,2 mm Dicke. Die spezifis.che LeitfShigkeit 
betrSgt^Cj^^ = 2,2 . 10^'* 9"^ cm"\ 

Beispiel 6 



1 g eines Vlieses bestehend aus ungebleichtem Zellstoff 
und Polyacetylen im Verhaltnis 1:2 wird bei Raumtempera- 
tur unter Stickstoff 48 Stunden Joddampfen ausgesetzt. 
Das Gewicht des Vlieses steigt dabei auf 1,84 g an. Das 
joddotierte Vlies zeigt eine Gewichtszunahme von 84 % 
und eine spezifische Leitf Shigkeit von = 1,2 x 
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Beispiel 7 

Analog Beispiel 6 wird ein Baumwoll-Linters/Polyacety- 
len-Vlies (1:1) dotiert. Die Gewichtszvinahme betrSgt 
161 % und die spezifische LeitfShigkeit betragt '^L^ = 
5 1,1x10 cm . 

Beispiel 8 

Analog Beispiel 6 wird ein Baumwoll-Linters/Polyacety- 
len-Vlies (1:1), das mit 200 Kp/cm' gepreBt vmrde, do- 
tiert. Die Gewichtszunahme betrSgt 97,5 % und die spe- 
10 zifische Leitf ahigkeit rt= 1»3 x 10'""^^"'' cm "* . 



Beispiel 9 

1 g eines Vlieses aus ungebleichtem Zellstoff und Poly- 
acetylen im VerhSltnis 1:1 wird unter Stickstoff 48 Stun- 
den in eine LSsung aus 2,5 g Eisen-IIIchlorid (wasser- 
•15 frei) und 50 ml absolutem Acetonitril gelegt. Danach 

wird das dotierte vlies 2 raal mit 50 ml absolutem Aceto- 
nitril gewaschen und 3 Stunden bei Rsumtemperatur im 
Hochvakuum getrocknet. Das Gewicht des Vlieses steigt 
auf 1,405 g an. Das dotierte Vlies zeigt eine spezifi- 
20 sche LeitfShigkeit von = 2,4 x 10" cm" . 

Beispiel 10 

Analog Beispiel 9 wird ein Baumwoll-Linters-Polyacety- 
len-Vlies (20:80) dotiert. Die Gewichtszunahme betrSgt 
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62 % \ind die spezifische Leitf Shigkeit X = ^ ,i x 
10-l^-^cm-^ 



Beispiel 11 

Analog Beispiel 9 wird ein bei 200 Kp/cm^ gepreBtes 
5 Baumwoll-Linters-Polyacetylen-Vlies (70:30) dotiert. 
Die Gewichtszunahme betrSgt 45 die spezifische Leit- 
fShlgkeit 3^ rt = 9' 5 x lO"^ cm^^ . 



Beispiel 12 

Ein Vlies bestehend aus Polyacetylen und Baumwoll-Lin- 
10 ters im VerhSltnis 1:1 wird fur Batter ieelektroden in 
Stttcke geschnitten. Die MaBe der Anode sind 19,6 x 36 x 
3,4 mm, das Gewicht betrSgt 588 mg, die Mafle der Katho- 
de sind 21 X 36 X 3 mm und das Gewicht betrSgt 575 mg. 

Die beiden Vliesstucke werden mit Golddraht auf je 
15 einem Platinblech befestigt, in 200 ml einer 0,1 mo- 
laren L5sung aus Tetrabutylammoniumperchlorat in abso- 
lutem Propylencarbonat getaucht und aufgeladen. 

Die Lade-c.^it betrSgt 32 Min . , die Ladespannung 4 V und 
der Ladestrom 4,3 raA. 

20 Beim Entladen, Uber eine 4. V/50 mA Leuchtdiode mit 100 
Vorwiderstand , flieBt ein Strom von 2,4 mA bei 1,8 V 
Spannung. Die Quellenspannung betrSgt 2,6 V. Nach 34 
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Min. erlischt die Diode, der Strom betrSgt jetzt 0,6 ntA 
bel 1,55 V Spannung. 

Alle Arbeiten wurden in einer Glove-Box mit N2-Atmos- 
phare durchgefUhrt. 
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